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1.0 INTRODUCTION 

Inspection of test data from the TPTA and JES test series revealed incon- 
sistencies in the measured pressure increase in the cavity between the 

primary These 
inconsistencies are significant, since they indicate the position of the 
O-rings prior to pressurization ("seated" versus "unseated"). Subscaled 
testing was performed to explain that the differences seen in the V 4  

pressure increases can be attributed to O-ring movement caused by joint 
axial motion occurring during the motor ignition transient and prior to 
experiencing pressurization. The purpose of this report is to document 
test results and compare i t  to the analysis contained in TWR-18791 
(Reference 1). 

and secondary seals (V,) of the field joint (see Figure 1 ) .  

2.0 SUMMARY 

Tests were conducted according to the procedure outlined in ETP-0417 
(Reference 2 )  and performed at Thiokol Corp. M-15 laboratory. The test 
matrix is shown in Table 1. 

The test objective, to determine if  the O-rings become "unseated" during 
SRM motor ignition due to joint axial displacement, was accomplished. Test 
results are contained in Appendix A and summarized in Tables 2 through 5 .  

Those tests labeled with the same test number were perfoi-med using the same 

fixture assembly. Calculations to determine initial V4 volume are 
contained in Appendix B and the predictions for V 4  pressure increase are in 
Appendix C. Testing concludes that joint axial displacement does have a 
significant affect on O-ring positioning prior to pressurization. The 
analysis reported in TWR-18791 concluded that on the JES and TPTA tests 

some secondary seal movement occurs and it is highly probable that some 
primary seal movement also occurs. Testing and analysis concur with each 

other. 
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SCENARIO #1 

a) 0-rlngr seated in 
proper posltlon allor 
leak check. 

SCENARIO # 2  II 

a )  0-rlngs teated 
In proper posltlon 
alter leak check. 

0- I I  

P Opening 

b) Axlal motlon with c) Prsssurlzlng prlmary O-r ing, along 
wlln radial gap. c n a n g e s  VJ, 
pressure. and volume 

no O-ring movement. 

Opening 

II b) Axlal motion rolls 
both seals lo 
opposite wail. c) Pressurizing primary I I  O-ring results 

in a much smaller V4  than in c 
above. Secondary does not m i v e  
not sufflclenl pressure increase. 

Figure 2 

V 4  Pressurization Scenarios 

Two V 4  pressurization scenarios were tested and are described in Figure 2.  

The minimum pressure increase is seen when both primary and secondary 
O-rings remain in their "seated" position through axial motion and primary 
O-ring pressurization, at which time the primary is deformed against the 
aft wall (see Figure 2 ;  Scenario #1: a, b and c). This results in the 
largest possible final V 4  cavity volume, thus the minimum pressure 
increase. The maximum pressure increase is seen when both "seated" O-rings 
roll o r  slide across the grooves, coming in contact with their respective 
forward wall, followed by primary O-ring pressurization (Figure 2; Scenario 
# 2 :  b and c ) .  This results in the smallest possible final V 4  cavity 
volume, thus the maximum pressure increase. 

REVISION - TWR- 19 794 
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Table 1- V 4  Pressurization Test Matrix 

NUMBER SQUEEZE AXIAL GROWTH TEMPERATURE 

TESTS ( X I  (INCHES) 
OF TARGET RANGE TARGET RANGE (DEGREES FAHRENHEIT) 

SCENARIO #1 
8 24.0-27.0 0.020-0.025 7 5  

13 24.0-27.0 0.030-0.035 7 5  
20 24.0-27 .O 0.0 7 5  

4 24.0-27.0 0.020-0.025 7 5  
4 24.0-27.0 0.030-0.035 7 5  
4 24.0-27 .O 0.0 7 5  

SCENARIO # 2  

PAGE 4 

TOTAL = 53 

SCENARIO #1: WITH BOTH O-RINGS IN THE PROPER, "SEATED" POSITION 
SCENARIO #2: WITH BOTH O-RINGS IN THE IMPROPER, "UNSEATED" POSITION 
TEST ITEMS DESCRIPTION : - D6AC Steel 

- Parker's V.1115-75 molded O-ring, 
scarf-joint splice by Hydra-Pak 

- Test O-ring Size: 0.290 inch cross-section 
9.338 inch inner diameter 

Testing consisted of dynamic pressurization tests, including both axial and 
radial joint displacements. Testing was performed using the Eccentric 
Shaft, Variable Gap Dynamic Test Fixture (see  Figures 3 and 4 )  which allows 
independent control of joint axial displacement, radial displacement, and 
pressurization. Testing allowed for 3110th~ of a second delay between 
axial movement and pressure initiation (imitating test data from the TPTA 
and JES test series). Test fixture pressurization simulated the SRM motor 
ignition transient, following the 3-SIGMA pressure rise rate (11,500 

psi/sec) reaching 1004 psig in 0.6 seconds using nitrogen gas as a constant 

source (see Figure 5 ,  Reference 3). The displacement versus time curves 

are also based on the 3-SIGMA pressure rise curve (see Figure 6). In an 
effort to narrow in on the effect of axial displacement, tests were 

REVISION __ 
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conducted both with and without axial movement on both pressurization 
scenarios, noting the difference in pressure rise in the V 4  cavity. 

3.0 DISCUSSION 

Test results are summarized in Tables 2 through 5. Primary and secondary 
O-ring squeeze were determined based on the average O-ring and test fixture 
dimensions. Axial displacement is based on the average of the two axial 
LVDT measurements. 
pared to the predicted value for each test. The percent difference between 
predictions and measured pressure rise is given by: 

The measured pressure rise in the V 4  cavity is com- 

Prediction - Measured X 100 
Measured 

The predictions account for the individual O-ring dimensions used for each 
test, but assume the same initial V 4  volume (Vi), for each scenario, as 
later discussed in Section 3.5.2 and calculations contained in Appendix B. 
Appendix C contains pressure rise prediction calculations for one 
individual test for illustrative purposes only. 

Additional tests were added to the initial test matrix to show test 
repeatability with and without axial 
movement. A total of 53 tests were performed. Ease of O-ring positioning 
for Scenario t l  allowed more testing than for Scenario # 2  (discussed 
further in Section 3.5.1). Pressure, radial displacement, O-ring squeeze, 
temperature, and fixture conditioning remained constant while axial growth 

varied. Although, the targeted O-ring squeeze was not met due to 
limitations in the test fixture (i.e. cylinder inner diameter too large), 
the O-ring squeeze remained relatively constant. 

and compare the V4 pressure increase 

REVISION - 
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Adlurtablr Slop To 

Srww-Conlrd Actuator 

Prrssurr lnlrl 

Figure 3 

Cross Section of Eccentric, Variable Gap Test Rig 
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Circulating 

Coolanl 
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/ Piston 

Cylinder 
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Secondary O-ring 

Simulated V4 Cav 

*imary O-ring 

GN2 Pressurized inlet 

Companion O-ring 
(Silicone SSSO) 

Primary Groove Secondary Groove 
Dimensions: Dimensions: 

0.215 inch depth 
0.359 inch w i d t h  

0.208 inch d e p t h  
0.351 inch width 

Figure 4 

Test Groove Configuration 

tity 



CORPORA TION _ .  
SPACE OPERATIONS 

1 .moo 

0.7000 

0 . m  

0.1Ooo 

11.500 prl/aocond mulmum rlso rat0 

1 1 1 1 1 

Osz nmo (SOCM~S) 
0 

- REVISION 

Figure 5 

Pressure Versus Time Curve 

TWR- 19794 
DOC NO VOL 

SEC 1 PAGE ' 8 

I 



, 

CORPORA TION - 
SPACE OPERATtONS 

1 1,500 prllaocond maximum r h o  ram 

0.- 

0.0190 - 
0.0160 - 
0.0170 - 
0.01BO - 
0.0150 - 
: 0.0144 4 c - P 0.0130 - 
g 0.0110 - 
- 
E 0.0120 - 
,. 0.0100 - 

o.mm - 
0.4)70 - 
c.== - 
Q.OJK) - 
o.Ow0 - 
O.ao34 - 
o.mm - 
o.rn1o - 
0.- 

0 

: 0.- - 

REVISION - 

**NOTE: Maximum A x i a l  D i s p l a c e m e n t  v a r i e s  deDending 
on  t e s t  g o a l  ( s e e  T e s t  M a t r i x ) .  

Figure 6 

Displacement Versus Time Curve 

TUR- 19 7 94 
DOC NO I VOL 



8 . .  * 

CORPORATION 
SPACE OPERATIONS 

SEC 

Table 2: Test Results Summary Table 

Scenario #1 - Without Axial Displacement 

10 PAGE 

I I I I 1 I I I 
- 

1 TEST I AVG INITIAL I AVG INITIAL 1 AVG. AXIAL 1 TOTAL TIYE )v4 PRESSURE) PPEDICTED I DIFF IX I V J ~  T E S ~  TFWJ - 5  

1 NO. (PRIMARY O-RIffi(SECONDARY O-RING(DISPLACEMEN1~ ASSEMRLED 1 RISE I’J4 PPESSUFE1PRES-C PfSEISTST / 1  !’IN 2 MI’:/ 

I 1 SQfJEf;ZE ( % I  1 SQUEEZE ( % I  1 IMILS) ~IHOURS:MINSII IPSIG) IRISE (PSIGl( I % \  DIFF I I 

t I I I I I I I 3 

I 

1 I I I I I I I 

1 1 A  I 17.1 I 1 9 . 1  1 0.0 1 2 2 : 3 0  I 0 . 8 0  1 0 . 8 2  1 2 5 I 7 7  0 , 7 7  0 7 7  5 1 

1 I 1 I I I I I 1 
I I I I I I I I 

1 ZA I 1 7 . 5  1 1 9 . 7  1 2 . 4  I 24:.10 1 0 . 8 6  I o a i  I -5 8 I 7 7 . 2  7 7  z , 7 7  i I 
I I I I I I I I 1 ~~ I 

1 3A 1 1 7 . 1  1 1 9 . 7  I 0 . 0  1 1 8 : 4 5  I 0 . 8 6  1 0 . 8 0  1 - 7 . 0  I 7 5 . 9  / 7 5 . 9  ,’ 75.51 I 
t 

t 

1 1 1 1 I I I I 
I I I I 1 I I I --I 

I 4A I 1 7 . 5  1 1 9 . 4  I 0 .0  I 2 0 : 3 5  1 0 . 8 1  1 0 . 8 1  1 0 1 7 6 . 3  / 7 6 . 3  ,’ 7 6 . 3  I 

I 4B 1 1 7 . 5  I 1 9 . 4  I 0.0 1 2 0 : 3 5  1 0 . 8 0  I 0 . 8 1  ) 1 . 3  I 7 6 . 3  7 6 . 3  ,I 7G.3 1 

1 6 A  1 1 7 . 4  1 1 9 . 6  1 0 . 4  1 2 3 : 4 5  I 0 . 9 7  I 0.81 1 - 1 4 . 4  1 7 5 . 5 / 7 5 . 5 / 7 5 . 5 1  

I I I I I I I I 
I I I I I I I 

I I I I I I I I 
1 I I I I I I __f 

I I I I I I 1 I -+ 
I I I I I I I I i 

I I I I I I f 

I I I 1 I I I -i 

I 

I - 
t 

t 

f I I I I I I I I --i 

I I I I 1 I I I 

t I 1 I I I I 1 
1 10A I 1 7 . 4  1 1 9 . 7  I 0 . 5  I 1 9 : 4 5  1 0 . 9 3  I o . e 3  1 - 1 0 . 8  1 7 6 . 3 / 7 6 . 4 / 7 6 . 3 (  

t I I I I I I --i 

t 1 I I I I I I I 

I 1 I I I I I I i 

! r I I -t 
1 11% I 17.1 I 

t I I I I 1 

t , I I 1 --I 
I !:e 1 1 6 . 6  I 1 8 . 6  1 0 . 0  1 zi::o 1 1.01 1 o.ei I -19.8 1 7 6 . 7  7 6 . 7  1 7 6 . 7  I 

1 I I I I I I I 

I 6B I 1 7 . 4  1 1 9 . 6  1 0 . 2  1 2 3 : 4 5  1 0 . 9 5  0 . 8 3  1 - 1 2 . 6  1 7 5 . 1  ,’ 7 5 . 1  / 7 5 . 1  1 
I I I I I I I I 

I 7A 1 7 . 2  1 18 .9  1 0 . 1  I 21:OO 1 0 . 8 9  I 0 . 7 9  I - 1 1 . 2  I 7 6 . 7  / 7 6 . 7  ,’ 76.8  I 
I I 1 I I I 

I 7 8  1 1 7 . 2  1 1 8 . 9  I 0 . 3  1 2 1 : O O  I 0 . 8 7  I 0 . 7 9  1 - 9 . 2  1 7 6 . 4 / 7 6 . 4 , ’ 7 6 . 4 )  
I I I I 1 I I I 

1 8A I 1 7 . 4  I 1 9 . 2  1 0 . 3  1 2 0 : 5 5  I 0 . 9 2  1 0 . 8 2  1 -10.9 1 7 5 . 9  / 7 5 . 3  / 7 5 . 9  ) 
I I I I I I I 

I I 1 I I I I 

1 I I I I I I I 

I 

1 8B I 1 7 . 4  1 1 9 . 2  1 0 . 2  I 2 0 ~ 5 5  I 0 . 9 4  1 0 . 8 2  ) - 1 2 . 8  1 7 5 . 9  / 7 6 . 0  / 7 6 . 0  1 

I 9A 1 1 7 . 3  I 1 9 . 2  1 0 . 1  1 1 9 ~ 3 0  I 0 . 8 9  1 0 . 7 9  1 - 1 1 . 2  1 7 6 . 2  / 7 6 . 2  / 7 6 . 2  I 
I I I I I I 1 I 

1 9 8  I 1 7 . 3  I 1 9 . 2  I 0 . 1  I 1 9 : 3 0  1 0 . 8 8  1 0 . 7 9  1 -10.2 I 7 6 . 2  / 7 6 . 2  / 76.2  1 
I I I I I I I 1 

I I I I I I I I 

1 108 1 1 7 . 4  1 1 9 . 7  1 0 .5  1 1 9 : 4 5  I 0 . 9 3  1 0 . 8 3  1 - 1 0 . 8  1 7 6 . 3  ,/ 7 6 . 3  / 7 6 . 3  1 
I I I I I I I 

1 1 1 A  I 1 7 . 1  ) 19.5 1 0 . 4  1 1 9 : 4 0  1 0 . 8 4  I 0 . 9 3  1 - 1 . 2  I 7 5 . 3  / 7 5 . 4  / 7 5 . 4  1 
I I I I I I 1 I 

1 9 . 9  1 9.6 I 1 9 : 4 0  I 0.95 I 0.83 1 - 1 2 . 6  1 7 6 . 2  // 7 6 . 2  /‘ 7 6 . 3  ) 
I 1 I I I I 

) i l B  1 1 7 . 1  I 1 9 . 9  1 9 . 4  1 l O : 4 0  I 1 . 1 2  I 0 . 8 3  - 2 5 . 9  I 7 5 . 9  / 7 6 . 0  ,/ 7 6 . 0  1 
I I I I I I I I 

I : ; A  I 1 6  . L ;  ! i e . 6  I 0.0 1 21:20 1 1 . 0 0  1 0 . 8 1  1 - 1 9 . 0  I 7 6 . 0  / 7 6 . 0  / 7 6 . 1  1 
1 I I I I I I 

I I I 1 I 
I I I I I 

AVVEPAGE = 1 0 . 3  1 20:56 1 0 . 9 1  0 . 8 1  1 - 1 0 . 5  1 
I I I I I J 

I 
I 
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Table 3: Test Results Summary Table 
Scenario #1 - With Axial Displacement 

1 1 I I I I 1 1 1 
I TEST 1 AVG INITIAL I AVG INITIAL I AVG. AXIAL I TOTAL TIKE I V4 PRESSUPEI PREDICTED I DIFF IN 1 VJ TEST TE’T I-F’ 1 
I NO. IPRIPURY 0-RING~SECONDARY O-RING(DISPLRCEFE~J ASSEVBLED I RISE 1 PRESSURE JPPESS R I I E ~  STAPT 1 MIN, 2 MI*:[ 

I I SQUEEZE ( % )  I SQUEEZE ( % )  I I t l . l l 5 )  IIH0VRS:HINS)I IPSIG) 1 RISE (PSIG)) DIFF I I 
I I I I I I I 4 I I I I I I I I 

I 1 1 1 7 . 1  I 1 9 . 1  I 2 0 . 8  1 22:30 1 1 . 7 2  1 2.45 I 42 4 1 76 9 76 9 / 77 0 1 
I I * I I 9 I I 

~~ 

I 2 I 1 7 . 5  I 1 9 . 7  I 23.3 I 24:40 1 1 . 9 0  I 2.25  I 1 8 . 4  1 7 7 . 7  ,’ 7 7 . 6  / 7 7 . 6  1 
I 

1 

I 

I I I I I 1 I I 
I I I I I I 1 I I 

I 3 1 1 7 . 1  I 1 9 . 7  I 25.0  I 18:45 I 2 . 0 2  I 2.18 I 7 . 9  ( 7 6 . 2 . ’ 7 6 . z / x . z I  

1 I I 1 I I I 4 

1 1 I I I I I I 4 

I I 1 I I I I I 

I 4 1 1 7 . 5  I 1 9 . 4  1 24 .8  1 20 :35  1 1 . 9 1  I 2 .34  I 22 .5  1 7 5 . P  / 7 5 . 9  / 75 a I 

I 4C I 1 7 . 5  I 19.4  I 24.7 1 2 0 : 3 5  1 1 . 8 7  1 2.34 1 2 5 . 1  1 7 6 . 5  / 7 6 . 5 / 7 6 . 5 1  

I I I I 1 I I I 

I I I 1 I I I I I 
~ ~~~~ 

I 5 I 1 7 . 2  1 19 .4  I 24.4 I 22:OO I 1 . 9 0  1 2.37 1 2 4 . 7  I 76.4  / 7 6 . 5  / 7 6 . 5  I 
I I I 5 I 

I 6 1 1 7 . 4  1 1 9 . 6  I 23.9  I 23:45  1 2.22 I 2.32 I 4 . 5  I 76.4 / 7 6 . 4  76 .4  I 

I 6C I 1 7 . 4  1 1 9 . 6  I 22.6 I 23:45 1 2 .19  I 2 . 3 2  I 5 . 9  1 76 .7  / 7 6 . 7  / 76.8  I 
1 I I I I I I I I 

I I I I I I 1 i 

I I 1 I 1 -  - 1 -  ~~ 

AVERAGE = I 2 3 . 7  1 22:04 1 1 . 9 7  I 2.32 1 18 .9  1 
I I I I I I 

I I I I 1 I 1 

I 60 I 1 7 . 4  I 1 9 . 6  I 33.3  I 23:45 1 2 . 8 7  I 2.32 I - 1 9 . 2  1 7 8 . 4 / 7 8 . 4 / 7 8 . 4 1  
I 1 I I I I I I I I 

1 I I I I I I I I 
I I I I I I 1 I i 

I 7 I 1 7 . 2  1 1 8 . 9  I 3 0 . 5  I 2 1 : O O  1 2 . 6 0  I 2 . 4 6  1 - 5 . 4  75 .6  / 7 5 . 7  / 75.8  I 
I I I I I I I I I 

I I I I I I I I i 
1 7C I 1 7 . 2  I 1 8 . 9  I 31.3 I 21:OO I 2 . 7 0  1 2 .46  I - 8 . 9  1 7 6 . 3  / 7 6 . 4  / 7 6 . 5  I 

, I I I I I 1 
~ ~~ 

1 8 1 17 .4  I 1 9 . 2  I 34.0 I 2 0 : 5 s  1 2 . 7 0  1 2.48 I - 8 . 1  ( 7 5 . 8 / 7 5 . 9 / 7 5 . 9 1  

I I I I I - 1  

I EC I 17.4  1 1 9 . 2  I 33.9 1 2 0 : 5 5  I 2 . 7 6  I 2 . 4 8  1 - 1 0 . 1  I 7 6 . 1  / 7 6 . 1  / 7 6 . 1  I 
I 

I 

I 

I I f I I I I I 
I I I 1 I -I 

I I I I I I I I -I 

I I I I I I 1 I i 

I 9 1 17.3  I 1 9 . 2  I 32.0  I 19:30 I 2 . 7 2  I 2.39  1 - 1 2 . 1  1 74.7 / 74.8  / 74.8  1 
1 I I I 1 I I I 

I 9C 1 1 7 . 3  I 1 9 . 2  I 32.6 I 1 9 : 3 0  I 2 . 7 1  I 2.39 I -11 .8  1 75.4  / 7 5 . 5  / 75.5  1 
I I I 1 I 1 I 1 

1 0  I 1 7 . 4  1 1 9 . 7  I 30 .6  1 19:45 I 2 .66  1 2.26 1 -15.0 I 76.3 / 7 6 . 3  / 7 6 . 3  I 
I I I I I I I I I I 

I 1OC I 1 7 . 4  1 1 9 . 7  1 3 3 . 7  1 1 9 : 4 5  I 3 . 0 5  1 2 . 2 6  1 - 2 5 . 9  1 7 6 . 3 / 7 6 . 3 / 7 6 . 3 1  

4 1 I 1 

I 11 1 1 7 . 1  I 1 9 . 3  1 27.0 1 1 9 : 4 0  1 2 . 4 6  I 2.19  1 - 1 1 . 0  1 7 5 . 9  / 7 5 . 9  / 7 5 . 9  1 

1 11C 1 1 7 . 1  I 1 0  9 I 2 7 . 5  I 1 9 : 4 0  I 2 50 I 2 .19  I -12 4 I 7 5 . 7  / 75 7 / 7 5 . 6  1 

1 12 1 1 6 . 6  I 1 8 . 6  I 3 5 . 9  1 21:ZO I 2 . 9 6  1 2 .66  I - 1 0 . 1  1 7 6 . 2  / 7 6 . 2  / 76.2  I 

I 

I 

t 

I I 1 I I I I I 
I I 1 I I I I i 

I I I I I I 4 

I I I I 1 I I -I 

I I I I I I 1 I 

I I I I I I I I 

I 12C 1 1 6 . 6  I 1 8 . 6  I 36.0 1 21:ZO 1 3 . 1 7  1 2 . 6 6  1 - 1 6 . 1  I 7 5 . 5  / 7 5 . 5  / 7 5 . 5  1 
1 I I I I I I I t J 

I 1 I I 

AVERAGE = I 32.2 I 20:37  I 2.76 I 2 . 4 0  1 - 1 2 . 8  1 
1 
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Table 4: Test Results Summary Table 

12 PAGE 

Scenario #2 - Without Axial Displacement 
I I I t I I I I 

I TEST 1 AVG I N I T I A L  1 AVG I N I T I A L  1 AVG. A X I A L  I TOTAL T I M E  Iv4 PRESSURE1 P P E D I m E D  I DIFF I N  I .;.? T E S T  TEwJ i‘F 

1 

I NO \PRIMARY O-RXNG~SECONDARY GRING~DISPLACEMENT) ASSEMBLED I RISE I PRESSURE I I R E S S   RISE^ S T ~ ~ T  1 w:v i -I*: 
I I SQUEEZE ( % )  1 SQUEEZE 1 IMILS) I I H O U R S . M I N S I /  I P S I G )  1 IFSIGI 1 1 % )  DIFF 1 

I I I I 
I I I L 

I 1 I 1 I 

1 1 I 17.1 1 19.1 I 0.0 1 21:45 1 4.22 I 2.17 1 -48.6 I 75.8 / 75.3 75.9 1 
I I I , - 

~ 

I I I I I I I I 

I 10 I 17.4 I 19.7 1 0.2 1 19:30 I 5.05 I 2.11 I -58.2 I 75 9 75 9 76 3 I 

1 I I I I I I I I 

t 

I I I I I I I I I 

I I I I I I I I d 
I 11 I 17.1 1 19.9 1 0.2 I 19:25 I 6.49 1 2.16 1 -66.7 1 75.5 / 75 5 i 5 . 5  ’ 

I I I I I 1 I I 

I 12 1 16.6 I 18.6 1 0 0 1 21:OO I 3.89 I i.31 I -40.6 1 76.0 , 76 0 75 C I 
I I I I I I I I I d I I I I 1 I 

AVERAGE = I 0.1 1 20:25 I 4.91 I 2.19 1 -53.5 I 

Table  5 :  T e s t  R e s u l t s  Summary Table 

Scenar io  (2 - W i t h  Axial D i s p l a c e m e n t  

I I I I I I I 1 I 1 
I T E S T  1 AVG I N I T I A t  I AVG I N I T I A L  1 L’tG. AXIAL, I T O T X  T I M E  I V4 P R E S S U R E )  P R E D I m E D  I D I F F  I N  I V4 T E S T  TEMP ( O F ’  1 
I No. I F R I M Y  0-RINGISECONDARY O-RINGIC!SPL,ACF,MERT( ASSEMBLED 1 R I S E  I P R E S S U R E  /PRESS R I S E 1  S T A R T  /1 MIN /2 N I N l  

I 1 SQUEEZE ( % )  I S Q U E E Z E  I % )  1 ( M I L S )  ~ l H O V R S : M I N S l (  I P S X G l  I ( P S I G )  1 ( 3 )  D I F F  1 
t 
1 2 1 17.5 I 19.7 I 22.5 1 21:30 1 6.50 1 7.74 I 19.1 1 76.5 / 76.5 / 76.6 1 
I 
1 3 I 17.1 I 19.7 I 25.1 I 18:30 I 6.61 I 7.65 I 15.7 I 76.2 / 76.2 / 76.2 I 
I 
1 4 I 17.5 1 19.4 1 24.3 I 20:35 4.17 1 7 86 I 88.5 1 75.9 / 75.9 / 75.9 1 
I 
1 5 1 17.2 I 19.4 I 25.1 I 2 1 : 5 5  I 3.70 1 7.90 I 68.1 1 75.7 / 75.8 / 75.8 1 
I I I I 1 I I I I 

I 
I I I I I I I I 4 

I I I I I I I I + 
I I 1 1 I -I 

I I I I I I 

I I I I I I d 

I I I I I I 1 I 

I I I I I I I I 

I I I I I 1 I 1 

I I I I I I I 

AVERAGE = 1 24.3 1 20:38 I 5.50 I 7.79 1 41.6 1 
I I I I I I 
I I 1 I 

I I I I I I I I 

1 6 1  17.4 I 19.6 1 36.3 I 23:30 1 6.73 1 7.84 I 16.5 I 75.9 / 75.9 / 75.0 1 

1 7 1  17.2 I 18.9 I 39.0 I 21:30 I 7.30 I 8.03 1 1.7 I 75.2 / 75.3 / 75.3 I 

! e 1  * ,  . ?  13.2 1 36.9 I 2 0 : 4 5  1 7.17 1 9.06 I 12.4 I 75.6 / 75.6 ; 75.6 1 
I: I I I I I I I 

i s ;  . _  19.2 1 34.4 1 21:25 I 7.53 I 7.93 I 5.3 I 74.2 / 74.2 ,’ 74.2 1 I ; 7  ? 

I I I I I I I 

r 

I 

i 

I I I I , I I t 

I I I ! I I I 
I I I 1 I I 1 

I-- I I I I I I I I 
I I I f 

I I ! I I I 

I . -  . 

I I I 1 

L I I I I I 

AVEPAGE = 1 36.7 I 2 1 ~ 4 8  1 7.33 I 7.97 1 8.7 1 
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The test fixture design is such that the radial gap opening is initiated by 
rotating the eccentric shaft 180 degrees, moving the piston away from the 
cylinder along a three inch circumferential test region (i.e. a floating 
radial gap). Therefore, radial displacement alone does not change the V L  

cavity volume, so it was not necessary to include these measurements in the 
test summary tables. Volume change in the V4 cavity is directly attributed 
to the sliding/deformation of the O-rings. Three stoppers located on top 
of the piston were manually adjusted to limit axial movement. A more 

detailed description of the test fixture is contained in TWR-17065 
(Reference 4 ) .  

VOL 

3.1 Test Items Description 

SEC 

3.1.1 Piston/Cylinder 

PAGE 13 

The test rig components were fabricated out of stock D6AC steel. A 

description of the test grooves are as follows: 

PRIMARY GROOVE: SECONDARY GROOVE: 

0.215 inch deep 0.208 inch deep 
0.359 inch wide 0.351 inch wide 
Includes a 6 3  Ra single Includes a smooth finish. 

point surface finish in 
hoop direction. 

See TWR-17065 (Reference 4 )  for a more detailed groove and surface finish 
description. 

3.1.2 O-rings 

The test O-rings were fabricated from Parker’s fluorocarbon (V1115-75) 
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compound 
per STW9-3319; Reference 6 ) .  The test O-ring dimensions were as follows: 

per STW9-3315 (Reference 5 ) ,  and spliced by Hydra-Pak (one splice 

14 PAGE 

9.33 - 9.42 inch Inner Diameter 
0.290 + 0.004 inch Cross-Section - 

The silicone S650 companion O-ring was of the same dimensions as that 
stated above for the fluorocarbon O-rings. 

3.2 HeatinglCooling System 

A 50150 waterlantifreeze solution was circulated from a temperature control 
unit to inside a piston sleeve to heat or cool the test O-rings and 
surrounding regions. 

3.3 Data Acquisition 

Dynamic motion, pressure, and temperature conditions were measured using 
the instrumentation listed in the following table. 

Table 6: Test Instrumentation Gages 
PARAMETER MEASURING METHOD RANGE, RESOLUTION,  ACCURACY 
Radial Gap One Linearly Variable D l s -  Range- 0.0 to 0.05 inch 

placement Transformer (LVDT) Resolution- 0.00005 inch 
(located on cylinder O.D. at Accuracy- 0.0001 inch 
center of test section) 

Axial Hotion Two LVDTs (located on top of 
piston 180' apart) 

Temperature Thermocouple (located in V G  Range- undefined 
cavity, adjacent to O-rings) Resolution- 0.2' F 

Accuracy- unknovn over whole 
test range: 2 '  F estimated 

Dynamic Test Pressure Transducer 
Pressure to 
Primary O-ring 

V Pressure Pressure Transducer 
Rise 4 

Range- 0 to 1500 psig 
Resolution- 0.1 psig 
Accuracy- 10 psig 

Range- 0 to 15 psig 
Resolution- 0.06 psig 
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Pressure transducer and LVDT data, taken every millisecond for the entire 

two minute test, was acquired by a Data Acquisition computer. Instrumen- 
tation was available at Thiokol Corp. M-15 lab. 

PAQE 

3.4 Test Data Reauirements 

The data sheets contained in the test plan were modified and completed f o r  

each test. All computer printouts and pressure and displacement traces are 
included with the data sheets (see Appendix A ) .  

3 . 5  Test ImDlementation 

3.5.1 Test Procedure 

Testing investigated two possible O-ring scenarios f o r  the primary and 
secondary O-rings immediately prior to experiencing pressurization, as 
previously described i:. the Summary Section. To achieve Scenario # 2  

positioning of the O-rings ("unseated"), the piston was assembled into the 
bottom of the cylinder and inserted upwards. This assembly rolled the 
O-rings into the "unseated" position (see Figure 7). 

The fixture was then heated to 120' Fahrenheit and maintained for a minimum 
16 h o u r  dwell time to allow f o r  compression set in the O-rings (Reference 
Appendix D in T'JR-17065). The fixture was cooled to the desired test 

temperature of 75'F,  - 1 / + 3  and maintained f o r  a minimum of  1.5 hours prior 
to testing. 

Pressurization to the servo-control actuator initiated rotation of the 

eccentric shaft which triggered two switches to employ axial movement and 
motor ignition pressurization to the primary O-ring. The switches ;rere 
sylnchronized t o  delay primary O-ring pressurization 3110th~ of a second 
behind axial movement. Nitrogen gas was used as a constant source for 
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I n i  t i n 1  P o s i t i o n  0 

PAGE 

-. 
Assembled Posi t l o n  I 

\ /  

1 P i s t o n  h e l d  S t a t i o n a r y  

Cvl i nd e 
Downvar 

r Assembled 
,(I 

Figure 7 
Fixture Assembly 

O-ring pressurization. 
of the primary O-ring in the V 4  cavity, measured the pressure rise. 

The 15 psig pressure transducer, located downstream 

Scenario #1 testing followed Scenario #2.  To position t h e  test O-rings in 

the "seated" Scenario #1 position, 100 psig + 25 pressure was applied in 
the The forward face of the primary O-ring was 

subsequently pressurized the same. Testing was then initiated as 
previously described. Because Scenario #1 tests could b e  performed without 

fixture disassembly, numerous tests were performed for repeatability. 

Tests identified with the same test number were performed using the same 
fixture assembly (see Test Results Summary Tables). 

- 
V 4  cavity for two minutes. 
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For each test series (those with the same test number), the test fixture 
was cleaned using lint-free cloth soaked in methyl chloroform, lightly 
greased per STW7-2999B (Reference 7) and reassembled using new test 
.O-rings. The two test O-rings and silicon companion O-ring were cleaned 
using a lint-free cloth soaked in isopropyl alcohol and lightly greased per 

STW7-2999B. 

3.5.2 Determining Initial V4 Volume (Vi) 

The initial volume in the V4 cavity (Vi) was determined to be as follows: 

3 

3 
O-rings positioned in the Scenario #1 position = 2.345 in 
O-rings positioned in the Scenario #2 position = 3.206 in 

Calculations on determining these volumes are contained in Appendix B. The 
following steps were performed on one t e s t  assembly to determine the 
initial volume (Vi) in the V4 cavity. 

a. The line system was assembled per Figure 8 located in Appendix B. 

b. Valves No.1 and No.2 were opened. 

c. Nitrogen gas, approximately 8 psig, was supplied to the system from the 
supply source. 

d. Valve No.2 was closed while Valve No.1 remained open. Using a 15 psig 
pressure transducer, a leak proof system was verified. 

e. Once the pressure stabilized, Valve No.1 was closed, Valve No.2 was 
opened and vented. The system stabilized f o r  15 minutes, then Valve 
No.2 was closed. Pressure and temperature were noted. 
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f. Valve No.1 was slowly opened. Following the complete opening of Valve 
No.1, pressure drop and temperature were immediately noted. Pressure 
and temperature were continually noted every thirty seconds for ten 
minutes. Because the system consisted of a very small volume, 
stabilization occurred within the first minute. 

PAGE 
18 

g. Using Boyle's Law the initial V 4  volume (Vi) was determined. To use 
Boyle's Law, in this application, there must be a known volume. The 
volume of the lines, indicated by the broken circle in Figure 8, was 
determined by measuring the volume of isopropyl alcohol needed to 
completely fill the lines. Isopropyl alcohol was used because of its 
low coefficient of surface friction. 

3.5.3 Determining Final V4 Volume and Pressure Rise 

The final V4 volume calculations, based on Boyle's Law, are contained in 
Appendix C. The equation follows: 

Vf = [(Pat,,, * Vi * Tf)/((Pf + 12.7) * Ti)] - 1 2 . 7  

where, 
= atmospheric pressure = 12.7 psi 
= pressure rise in the Vq cavity 
= initial volume in V 4  cavity (as 

determined in Section 3 . 5 . 2 )  

'atm 
pf 
"i 

Ti 
Tf 

= initial temperature in V 4  cavity 
= final temperature in V4 cavity 
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4.0 RESULTS 

Results on Table 2 show that the measured pressure rises for Scenario #1 
tests, without axial movement, are close to predictions. The highest 

percentage difference in pressure rise is 19.8 (test 12B), the lowest i s  0 
(test 4A), and the average is 10.5. These values assure confidence in the 
prediction calculations for Scenario #l. Errors in these calculations can 

be attributed to one o r  more of the following; assuming the same initial 

volume for each test assembly, no O-ring extrusion and right angles on the 

bottom of the grooves when they are actually rounded. If the rounded 
angles were taken into account, the predicted Va (primary) volume would be 

slightly larger, resulting in a smaller V4 final volume and subsequently a 

larger V4 pressure rise. O-ring extrusion would also contribute to a 

smaller V4 final volume. This is shown in Table 2 where the majority of 
predictions are smaller than the measured pressure rises. 

A comparison of Table 2 with Table 3 (tests with same test number) 

undoubtedly show the secondary O-ring rolling in its groove as a result of 
axial movement. An average axial displacement of 23.7 mils more than 

doubles the pressure rise in the V4 cavity. Further review of Table 3 

shows that an average 23.7 mil axial movement did not fully roll the 

secondary O-ring forward to the "unseated" position. An average axial 
displacement of 32.2 mils resulted in a higher V 4  pressure rise than the 

tests with 23.7 average axial displacement, which indicates that the amount 
of secondary O-ring sliding action is dependent on the degree of axial 

movement . 

Prediction calculations assume the secondary O-ring becomes fully 

"unseated" (to the forward groove wall), which as previously stated, is not 

the case. This explains why predictions for tests with an average 23.7 mil 
displacement are higher than the actual. Predictions for tests with an 
average 32.2 mil displacement are smaller than the actual due to some 
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Inherent errors in the calculations. 

20 
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A comparison of Tables 4 and 5 (Scenario #2) also point to secondary O-ring 

motion as a result of axial displacement. A difference in V4 pressure rise 
between tests with axial displacement versus those without, is not as 

eminent in Scenario #2 as in Scenario #le This is so because the secondary 
O-ring is already in the l'unseated" position, allowing less volume for the 

O-ring to roll. 

Scenario #2 O-ring positioning was achieved solely by test fixture 
assembly, not by pressurizing the cavities between the O-rings as in 
Scenario #l. Predictions in Table 4 (without axial displacement) were 

based on the assumption that the initial position of the O-rings were 
ideally situated as depicted in Figure 2b. The discrepancy between the 
predicted pressure rises versus the actual indicates that the O-rings were 
positioned somewhere in between figures 2b and 2c. Because the V4 volume 
is small, not knowing the exact initial positioning of the O-rings and 

subsequently the final V 4  volume, significantly diminishes the accuracy of 

the calculations. 

Predictions in Table 5 (with axial displacement) were based on the 
assumption that the initial position of the O-rings is unknown, but the 

final position is identical to the final O-ring position in Scenario #1 
(with axial displacement). Comparing the predicted pressure rise to the 

actual indicates a more realistic scenario. See Appendix C for more 

de tails. 

The Appendix A )  basically follow the 
test initiation pressure curve. Because the data is jumpy during the 

initial 1.8 milliseconds of testing and test data readings were recorded 

only every millisecond, i t  is not feasible to determine the rolling effect 

of the primary O-ring due to axial displacement prior to experiencing 

V4 pressure rise plots (contained in 
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pressurization. Since the displacement of the secondary O-ring due to 

axial motion is so obvious, the primary O-ring most probably also becomes 

"unseated" prior to pressur i za t ion. 

In conclusion, the subscaled test data concurs with .the analysis presented 
in TWR-18791. In the RSRM application, it is highly likely that both the 

primary and secondary O-rings roll in their grooves upon motor ignition 

pressurization. This O-ring rolling phenomena is dependent on the amount of 

axial displacement which occurs in the joint. 
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Appendix A 

Data Sheets, Pressure Transducer and LVDT Traces 

Appendix A contains the data sheets, pressure transducer and LVDT traces 

for each test. The data vas plotted f o r  both the initial second of testing 
and the total 120 seconds. In some instances the data is jumpy due 

computer malfunctions. 
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Appendix A 

Index to Subscaled Test Results 

SEC 

Scenario #1: 

Test # 1  ........................ 
Test #2 ........................ 
Test #3 ........................ 
Test #4 ........................ 
Test #5 ........................ 
Test #6 ........................ 
Test #7 ........................ 
Test #8 ........................ 
Test #9 ........................ 
Test #10  ........................ 
Test # 1 1  ........................ 
Test #12 ........................ 
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Scenario #2:  

Test # 1  

Test #2 

Test #3 
Test #4 

Test #5 
Test #6 

Test #7 

Test #8 

Test #9 
Test #10 
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Test #12 
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SCENARIO #: 

ASSEMBLY DATE: &?/I 4 /? 7 

ASSEHBLY DETAILS: 

CYLINDER NO. : b3J/L 

PRIMARY O-RING 
O-RING NO.: *3 
O-RING INNER DIAMETER: 9 # 3 7 f  i n .  
O-RING X-SECTION DIAM: 
O-RING SQUEEZE I 

0. aq'IC, ; A ,  

17, I 70 w5.) 
ADJUSTED X-SECTION: o.a?4il ;n. 

TEST 1: I 

TEST TECHNICIAN: C-r . G 3 -  d P 4 

TEST SUPERVISOR: 1 '  I ,  /'c c t I . , I  r\ 

PISTON NO.: b 3 / ~ 3  

O-RING NO. : ' 4  
SECONDARY O-RING 

O-RING INNER DIAMETER: 9.374 ,'n. 

O-RING X-SECTION DIAM: 
O-RING SQUEEZE : 
ADJUSTED X-SECTION: 0. as ;q 

0.28 86 ; P .  

190 1 %  ( A d & )  

O-RING CONDITIONING 
CONDITIONING TEMP.: / l J ,  OF 
CONDITIONING START TIME: d m  J , I//~/~?CONDITIONING STOP TIME: y p ~  ai/5/ ;; j 

FIXTURE CONDITIONING FOR TEST 
START DATE s TIME OF TEST CONDITIONING: a}rs/rT 7 3, i o  A y 

DATE s TIHE OF TEST: 3/15/69 i o :30  w 
CONDITIONING TEMP. : 75. OF 

FIXTURE TEMEPERATURE AT END OF TEST: 7Zo OF 

CALCULATE V4 FINAL VOLUME ( V f 2  

Known initial volume in system calculated from Boyle's tau (Vi):d,34&in 3 

= 12 .7  psia Pf (at end of 1 min. from gage) + 1 2 . 7  = /4 .42 psia 'atm 
TI = 76.9 "F T2 = 76.7 OF(d 60 52cof idS)  

Final Volume in V4 (V,) = (Pat,,, * Vi * T2)/(Pf * T1) 
3 vf = 3.0664 in 

AV = Q.aR3 in3 
"f nv = vi - 

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS 
COHHENTS ON DISSASSEMBLED CONDITION: 
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SCENARIO #1, TEST #1 (Test Date 2/15/89) 

SEC 

Test Pressure, Radlal and Axlal Dlsplacement Vs. Tlme 
(1 Second Plot) 

PAOE 

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0 7  0.8 0.9 I O  

TIME (SECONDS) 

V-4 Cavity Pressure VI. Time 
(1 Second  Plot) 

TIME (SECONDS) 
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PRESSURIZATION TESTS - TEST DATA SHEETS 

nu€ 

TEST #:  I c\ SCENARIO #: r 
ASSEMBLY DATE: 4 1 4  !Cy 

ASSEMBLY DETAILS: c: 
TEST TECHNICIAN: , L ~ r r \ n s  7 
TEST SUPERVISOR: 7, y ~ r  7 r, 

CYLINDER NO. : b3/  / 6 PISTON NO.:' 
PRIMARY 0-RIIiG SECONDARY O-RING 
O-RING NO. : + 3  O-RING NO.: " 4  
O-RING INNER DIAMETER: 9,374 in O-RING INNER DIAMETER: 7,374 
O-RING X-SECTION DIAM: o,avyd i n  O-RING X-SECTION DIAH: 6 2 4 f d  ,- 
O-RING SOUEEZE: I 7. 70 (a 6 .) O-RING SOUEEZE : r 9 . l 7 *  ( W G )  
ADJUSTED X-SECTION: 0,2919 ADJUSTED X-SECTION: O.293G I o .  

O-RING CONDITIONING 
CONDITIONING TEMP. : //  2. ' O F  

CONDITIONING START TIME: ~ o o ~ J , ,  Z//.f/QCONDITIONING STOP TIME: T AM 2!lfj/ T 7 

FIXTURE CONDITIONING FOR TEST 
START DATE 6 TIME OF TEST CONDITIONING: al/?/gq ? ' / o c a  
CONDITIONING TEMP. : 75, OF 
DATE b TIME OF TEST: a/is/os  IO:^ ,N 
FIXTURE TEMEPERATURE AT END OF TEST: 77, ' OF 

CALCULATE V4 FINAL VOLUHE (Vrl 

Known initial volume in system calculated from Boylc's Law (Vi):-?.34b2 in3 
Patm = 12.7 psia 

TI = 7 ' 7 , O  OF T2 = 77, O F ( a t  6 0  5ercrri.5) 

Pf ( a t  end of  1 nin. from gage) + 12.7 = /3,5 psia 

Final Volume in V4 (Vf) = (Pat,, * Vi * T2)/(Pf * TI> 
Vf = a.ao77 in3 

vf AV = Vi - 
AV = 0.139 I i n 3  

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS 
COMMENTS ON DISSASSEHBLED CONDITION: 
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SCENARIO #l, TEST Y1A (Test Date 2/15/89) 

PAW 

Test Pressure and Radlal Dlsplacement Vs. Tlme 
(1 Second Plot) 

0 
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V -4 PRESSURIZATION TESTS - TEST DATA SHEETS 

Q C  

SCENARIO #: 1 TEST #:  i2 
ASSEMBLY DATE: a/ao,/89 TEST TECHNICIAN: M ; kq GOr 

ASSEMBLY DETAILS: i 
TEST SUPERVISOR:-- VO r I _a c. 

A-7 MQE 

i 

CYLINDER NO. : PISTON NO. : w113 
PRIMARY O-RING SECONDARY O-RING 
O-RING NO. : 3 5  O-RING NO.: + 6  
O-RING INNER DIAMETER: 9. 36 ;,, O-RING INNER DIAHETER: 9.360 ;, 
O-RING X-SECTION DIAHr 0 , 2 9 t f  ;,,, O-RING X-SECTION DIAM: O o 2 3 / 3  ;,, 
O-RING SQUEEZE: 17.5 % ( A i 6 3  O-RING SQUEEZE: r3.77, (A&) 
ADJUSTED X-SECTION: a, 11862 i n ,  ADJUSTED X-SECTION: o,/r;a r; 9 ,'#. 

O-RING CONDITIONING 
CONDITIONING TEMP.: l12a 0 O F  

CONDITIONING START TIME: I !  ?d~2/zP/sqCONDITIONING STOP TIHE: 7Au 2.212, i7-j 

FIXTURE CONDITIONING FOR TEST 
START DATE 6 TIME OF TEST CONDITIONING: 
CONDITIONING TEMP. : 71.7 O F  

FIXTURE TEMEPERATURE AT END OF TEST: 7 g 6  O F  

CALCULATE V4 FINAL VOLUME (Vfl 

3 Known initial volume in systen calculated from Boyle's Law (Vi): 2,3468 in 
Pat,,, = 12.7 psia 

Final Volume in V4 (Vf) .I ('atn * V i  * T2)/(Pf * T1) 

Pf  (at end of 1 min. from gage) + 12.7 = 14.6  psia 
T~ = 7 7 ,  7 OF T~ 77, 6 O F  ( a t  Go 5ewnW 

Vf = 2.0388 in3 

AV .I 0,3O$ in3 
"f AV = vi - 

ATTACH ALL COHPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS 
COHMENTS ON DISSASSEHBLED CONDITION: 
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SCENARIO #l, TEST U2 (Test Date 2/21/89) 

Test Pressure, Radlal and Axlal Displacement Vs. Tlme 
(1 Second Plot) 
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V-4 Cavity Proauure Vb. Tlme 
(1 Second Plot) 
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SCENARIO #I, TEST f 2  (Test Date 2/21/89) 

Test Pressure, Radlal end Axial Displacement Vs. Tlme 
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V PRESSURIZATION TESTS - TEST DATA SHEETS -4 

TEST t :  2 - 4  

TEST SUPERVISOR: 7 KO rr \’,Jq c ,  

SCENARIO #: 1 
ASSEMBLY DATE: d 3c /A3 TEST TECHNICIAN: M I  ‘ 3 q r . J  r , -  

fd AS SEHB LY DETAILS : 

CYLINDER NO. : b 3 / ~ 6  
PRIMARY O-RING 
O-RING NO. : “5 

L q 3  PISTON NO.: 
SECONDARY O-RING 
O-RING NO.: 

O-RING INNER DIAMETER (inch): 9.  368 
O-RING X-SECTION DIAM (inch) : 0.29 I 
O-RING SOUEEZE ( X ) :  (AJG. )  175 

ADJUSTED X-SECT (inch): 0, dCbZ 

O-RING INNER DIAH (inch): ‘ j ,  3 6 0  
O-RING X-SECT DIAH ( inch) : G ,  2? I 3 
O-RING SOUEEZE: ( A J G . )  r3.7 
ADJUSTED X-SECT (inch): c.z.;,,57 

O-RING CONDITIONING 
CONDITIONING TEMP.; 1 1 2 . O  O F  

CONDITIONING START TIME: IrcO ,?N, CONDITIONING STOP TIME: 7 C l k \  -:/:I, 1’ 
2;zq $9 

FIXTURE CONDITIONING FOR TEST 
START DATE 6 TIME OF TEST CONDITIONING: ;1/2,/’?? 7 ’ 0 - 0  f i ~  

CONDITIONING TEMP.: 77. O F  

FIXTURE TEMEPERATURE AT END OF TEST: 77? 2 O F  

CALCULATE V4 FINAL VOLUME (Vf) 

Known initial volume in system calculated from Boyle‘s Lav (Vi): 2 , 3 4 6  0 in 3 

TI = 77. OF Tz - 77n2 OF(& &b s&ocds) 
Pat,,, = 12.7 psia 

Final Volume in V 4  ( V f )  

Pf (at end of 1 min. from gage) + 12.7 = 13-56 p s i a  

(Pat,,, * V i  * T2)/(Pf * T1) 
3 V f  = a .  I900 in 

AV I 0 ,  1488 in3 
vf AV I Vi - 

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS 
COMMENTS ON DISSASSEMBLED CONDITION: 

REVISION - I M L  
TVR- 19 794 Doc NO. 
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SCENARIO 6 1 ,  TEST #2A (Test Date 2/21/89) 
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Test Pressure, Radial and Axlal Displacement Vs. Time 
(1 Second Plot) 
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WOE A-13 

L', PRESSURIZATION TESTS - TEST DATA SHEETS 

SCENARIO #: z 
ASSEMBLY DATE: a / a i )  ~9 

TEST # :  3 
TEST TECHNICIAN: 14 , ( > ~ r  A ,  1.1 
TEST SUPERVISOR: I , k*-< c I . , 

/ 

ASSEMBLY DETAILS : 

CYLINDER NO. :  V I b  PISTON NO. : - 'C3/,? - I 

PRIMARY O-RING SECONDARY O-RING 
O-RING NO. : *7 O-RING NO.: # c  
O-RING INNER DIAMETER (inch): j,35/ O-RING INNER DIAH (inch): 7 .  ? - ' I /  
O-RING X-SECTION DIAM (inch): 0, ZjOL) O-RING X-SECT DIAH (inch): b. ~ 7 1 ' &  

O-RING SQUEEZE ( X ) :  (Ad+) / 7 , /  O-RING SQUEEZE: i /A./6> ,, 7 
ADJUSTED X-SECT (inch): 0.3847 ADJUSTED X-SECT (inch): U . j z 5 7  

- 1  

O-RING CONDITIONING 
CONDITIONING TEHP. : / /a ,  O F  

CONDITIONING START TIME! 3; 3 0 ~  CONDITIONING STOP TIME: 7 A M  2f:: 73 
2; ; - I /  7'3 

FIXTURE CONDITIONING FOR TEST 
START DATE & TIME OF TEST CONDITIONING: 
CONDITIONING TEHP. : 71p. ' "F 
DATE & TIME OF TEST: 2 / . 2 Z / 8 ? ,  
FIXTURE TEHEPERATURE Ai END OF TEST: 

;/J>/ 9; 4 5  AfA 

/O; j54k-4 
76,  ' O F  

CALCULATE VG FINAL VOLUME (Vfl 

3 Knovn initial volume in systern(calcu1ated from Boyle's Law (Vi$: 3.3468 in 
Pf (at end of 1 min. from gage) + 1 2 . 7  I /4.7& psia  = 1 2 . 7  ps ia  

2 
TI = 7 6 .  O F  T2 - 7b* OF (sc 60 2a3ods) 
Final Volume in V4 (V,) = (Patm * V i  * T2)/(Pf * TI) 

3 vf = 2, oa4f in 

dv = 0, 3aa i n 3  

AV .I Vi - Vf 

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS 
COMMENTS ON DISSASSEHBLED CONDITION: 

REVISION - 
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SCENARIO #1, TEST X3 (Test Date 2/22/89) 

Test Pressure, Radlal and Axlal Dlsplacement V8. Tlme 
(1 Second Plot) 
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TIME (SECONDS) 

V-4 Cavlty Preerure V8. Time 
(1 Second Plot) 
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SCENARIO #1, TEST #3 (Test Date 2/22/89) 
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V PRESSURIZATION TESTS - TEST DATA SHEETS -4 

M L  

SCENARIO R !  z 
ASSEHBLY DATE: </a,, /  g7- 

3 - A  TEST 1: 

TEST TECHNICIAN: rc.( , ( 7 ' > 7 ' \ ( #  ' - 
/ /  TEST SUPERVISOR: 1 ,  kJ: 1 - i . 1  ?,-, 

ASSEMBLY DETAILS: 

CYLINDER NO. : 63/56 PISTON NO.: 2/L - 7 
PRIMARY O-RING SECONDARY O-RING 
O-RING NO.: '7 O-RING NO. : .?e 
O-RING INNER DIAMETER (inch): 9. O-RING INNER DIAM ( i n c h ) :  '7, j l  

O-RING X-SECTION DIAH (inch)! 0.2%0 O-RING X-SECT DIAM (inch): :, : 4 2  

O-RING SOUEEZE ( % ) I  (A&.) 1 7  1 O-RING SOUEEZE: ( A d 6 )  ? 7 
ADJUSTED X-SECT (inch): 0 , 2 8 4 7  ADJUSTED X-SECT (inch): 0 2YG-f - 
O-RING CONDITIONING 
CONDITIONING TEMP.: ) / o m 3  OF 
CONDITIONING START TIHE! 3! 30 rv( 

,+;, 77 
CONDITIONING STOP TIHE: 7flt4 4 ' 2 2 / c y  

FIXTURE CONDITIONING FOR TEST 
START DATE 6 TIHE OF TEST CONDITIONING: 2/24?? 8 : 4 5 A ~ - \  
CONDITIONING TEMP. : 7bS3 OF 
DATE 6 TIME OF TEST: 2 /27 /77 ,  /O130 A 4  

FIXTURE TEMEPERATURE AT END OF TEST: 75, 9 OF 
I 

CALCULATE V4 FINAL VOLUME (Vfl 

3 Known initial volume i n  system calculated from Boyle's Law (Vi): 2.3466 in 
Pf ( a t  end of 1 min. from gage) + 12.7 = /3.56 p s i a  'atm 

TI * 75# 'I T2 = 75.9 OF(ot b -rids! 
Final Volume in V4 (Vf) = (Pat,,, * V i  * T2)/(Pf * TI) 

I 12.7 psia 

3 V f  * &!.I980 in 

vf AV sz Vi - 
av = On/408 i n 3  

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS 
COMMENTS ON DISSASSEMBLED CONDITION: 

REVISION - 
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SCENARIO #1, TEST Y 3 A  (Test Date 2/22/89) 

M L  

Test Pressure, Radlal and Axial Displacement V8. Time 
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V PRESSURIZATION TESTS - TEST DATA SHEETS -4 

A-19 WOE 

SCENARIO 1: 2 
ASSEMBLY DATE: +/&?/a 
ASSEHBLY DETAILS: 

TEST t :  4 
TEST TECHNICIAN: kj 4 I 4 ,\ -- 
TEST SUPERVISOR: I , r> r r - t  ( 3  . r  

-. 

I 

i CYLINDER NO. : 6% PISTON NO.: L -/'/c3 
PRIMARY O-RING SECONDARY O-RING 
O-RING NO.: O-RING NO.: /c  
O-RING INNER DIAMETER (inch)! 9. 36 8 O-RING INNER DIAM (inch): '?, 3 7 f  
O-RING X-SECTION DIAM (inch): 11,29// O-RING X-SECT DIAH (inch): 0 . 2  8 j 7  
O-RING SQUEEZE ( X ) :  ( S d G >  / 7 , 5  O-RING SOUEEZE: (p1d6> 1 9 ~ 4  
ADJUSTED X-SECT (inch): o* sqb 2 ADJUSTED X-SECT ( inch) : c, L)co 

O-RING CONDITIONING 
CONDITIONING TEMP.: / /3 ,  O F  

CONDITIONING START TIME: CONDITIONING STOP TIME: 7 A Y  2, a:'?? 

FIXTURE CONDITIONING FOR TEST 
START DATE 6 TIME OF TEST CONDITIONING: :/23/? 1 ,  4 :  so a1.y 
CONDITIONING TEMP. : 76. OF 
DATE L TIME OF TEST: a/a3/g3  ~ l 0 : i O  A d  

FIXTURE TEMEPERATURE AT END OF TEST! 75, 9 OF 

CALCULATE V 4  FINAL VOLUME (Vfl 

Knovn 
Pat,,, - 12.7 psia Pf (a t  end of 1 min. from gage) + 1 2 . 7  = 

T1 = 75.9 O F  T2 = 75.9 O F  (st 60 %on&) 

Final Volume in V4 (Vf) = ( P a t m  * V i  * T2)/(Pf * TI) 

initial volume in system calculated from Boyle's Law (V  ) :  2 . z j b g  i 
/ ' f 1 6 /  

in 3 
psia 

3 Vf = 2,0400 in 

AV = Os3Ob8 in3 
vf AV = v i  - 

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS 
COMMENTS ON DISSASSEMBLED CONDITION: 
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SCENARIO #1, TEST #4 (Test Date 2/23/89) 

Test Prerwre, Radial and Axial Dl8placement Vs. Time 
(1 Second Plot) 
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V -4 PRESSURIZATION TESTS - TEST DATA SHEETS 

M L  

SCENARIO #: 1 
ASSEMBLY DATE: &?/,3? 23 

ASSEMBLY DETAILS: 

TEST #: 4- A 

TEST SUPERVISOR: 7, f e r r ,  ~ , 7  I , 

'3 

L- 5 jh-3 CYLINDER NO.: - PISTON NO.: 

/G O-RING NO. I tc 3 O-RING NO. : 

O-RING INNER DIAMETER (inch)! 9-36? O-RING INNER DIAH (inch)! ?,; 7 f  
O-RING X-SECTION DIAH (inch) : 0 ,29  I /  O-RING X-SECT DIAH (inch) : 0.22 7 '7 
O-RING SQUEEZE ( X I :  (Ad&.) I'1,5 O-RING SOUEEZE: (b46.) I ? , #  
ADJUSTED X-SECT (inch) : 0.2Sb2 ADJUSTED X-SECT (inch): o,a?q6 

PRIMARY O-RING SECONDARY O-RING 
? 

O-RING CONDITIONING 
CONDITIONING TEMP. : / /3! 'F 

CONDITIONING START TIME: I :  5 7 ~ 4  CONDITIONING STOP TIME: 7 414 a/:?, i -7 
*/ss 

FIXTURE CONDITIONING FOR TEST 
START DATE 6 TIME OF TEST CONDITIONING: 
CONDITIONING TEMP. : 7 6 ,  O F  

DATE b TIME OF TEST: 2/23} f q ,  / O f  20 Ah( 

FIXTURE TEMEPERATURE AT END OF TEST: 7 6 ,  OF 

Jbl"lg9 , 3:50 &'A , ,  

CALCULATE V4 FINAL VOLUME (Vrl 

3 Known initial volume in system calculated from Boyle's Law (Vi): 2, 34/08 
Patm = 12.7 psia  Pf ( a t  end of 1 min. from gage) + 12.7 = 

TI = 7b.3 'F T2 = 7 C n 3  'F(d 60 Stor&)  
Final Volume i n  V,, (Vf) = (Pat,,,  * Vi * T2)/(Pf * TI) 

i n  

43.51  psia 

3 
= a.2061 i n  vf 

vf AV Vi - 
NI = O0/407 i n 3  

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS 
COMMENTS ON DISSASSEHBLED CONDITION: 

REVISION - 
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OOC NO. 

'J, PRESSURIZATION TESTS - TEST DATA SHEETS 

VOL 

SCENARIO ff: 1 TEST t :  4 - 3  
ASSEMBLY DATE: a/-.a/ 89 TEST TECHNICIAN: M ,  (20 r' - 1  I at- 

TEST SUPERVISOR: 7 /"-r r - 1  7 , , , 
c ASSEMBLY DETAILS: 

"; CYLINDER NO.: 
PRIMARY O-RING 
O-RING NO. : f l 7  

O-RING INNER DIAMETER (inch) : 9 . 3 6  g 
O-RING X-SECTION DIAM (inch): 0, z 9 / /  
O-RING SQUEEZE ( X ) :  (444.) /715 
ADJUSTED X-SECT (inch): C.C7?&2 

PISTON NO.: 

SECONDARY O-RING 
O-RING NO. : f j c  

O-RING INNER DIAM (inch): ' i  r74 
O-RING X-SECT DIAM (inch): 5 C j 7'7 
O-RING SQUEEZE: ( A 4 6 )  1 7 . 4  
ADJUSTED X-SECT (inch) : (;. ?Ed  & 

O-RING CONDITIONING 
CONDITIONING TEMP. : //3- ' OF 
CONDITIONING START TIME: CONDITIONING STOP TIME: 7 w I ;/if:/ F j 

FIXTURE CONDITIONING FOR TEST 
START DATE TIME OF TEST CONDITIONING: . J / ~ ~ / F I  , 7: 50 ~ r - 4  

CONDITIONING TEHP. : 76. OF 
DATE TIME OF TEST: a/23 lr9, ?!SO f i r - '  

FIXTURE TEMEPERATURE AT END OF TEST: 7b,3 O F  

CALCULATE V4 FINAL VOLUME (Vf2 

3 Known initial volume i n  system calculated from Boyle's Law (Vi): 2,3469 in 
Pat,,, = 12.7 psia 
TI 7 b . 3  O F  T2 I 7b13 OF(d 60 *CO&S) 

Final Volume in V4 (Vf) = (Pat,,, * Vi * T2)/(Pf * TI) 

Pf (at end of 1 min. from gage) + 12.7 = / 3 , 4 ' ]  p s i a  

3 vf = a B a o 3 4  in 

AV = 0,1374 in3 
vf bV = vi - 

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS 
COMMENTS ON DISSASSEMBLED CONDITION: 

REVISION - 
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SCENARIO #I, TEST #4B (Test Date 2/23/89) 
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V PRESSURIZATION TESTS - TEST DATA SHEETS -4 

PAGE A-28 

SCENARIO 1 :  '1 
ASSEMBLY DATE! J/o"&) 89 

ASSEMBLY DETAILS: 
TEST SUPERVISOR: f k:, I ,:;, ; ,' 

c 

CYLINDER NO. : ' - ' / I6 PISTON NO.: c-=//:? 
PRIMARY O-RING SECONDARY O-RING 
O-RING NO.: $ 7  O-RING NO. : 4+ /r3 
O-RING INNER DIAMETER (inch): $366 O-RING INNER DIAM (inch): 3 7 4  
O-RING X-SECTION DIAM (inch); 082 9 / /  
O-RING SQUEEZE ( X I :  ( A J 6 . )  /TIS O-RING SQUEEZE: (A46 ) 14.4 
ADJUSTED X-SECT (inch): O# 2 S d Z  ADJUSTED X-SECT ( i n c h )  : C. 27 4 C, 

O-RING X-SECT DIAM ( i n c h )  : c, 27 7 

O-RING CONDITIONING 
CONDITIONING TEMP.: / J3+ O F  

CONDITIONING START TIME: I: /S?M CONDITIONING STOP TIME: 7 IIW ~ / T - T ,  ; ' j  
2/2z/r 9 

FIXTURE CONDITIONING FOR TEST 
START DATE h TIME OF TEST CONDITIONING: 
CONDITIONING TEMP. : 76 O F  

DATE h TIME OF T E S T : a l d 3 / 8 1 ,  10'1-5 A*A 
FIXTURE TEMEPERATURE AT END OF TEST: 76,s OF 

2 / ? 3 / 2  '1 , a' 59 AM 

CALCULATE V4 FINAL VOLUME (Vfl 

Knovn initial volume in system calculated from Boyle's Lav (Vi): 1 . 3 4 / , ?  i n  3 

TI = 76, 5 O F  T? = 7b .5  OF (as 60 5emfid51 

vf AV = vi - 

Pat,,, = 12.7 ps ia  Pf (at end of 1 min. from gage) + 12.7 = / 4 .  5-7 p s i a  

Final Volume in V,, (Vf) = (eatrn * Vi * TZ)/(PF * TI) 
3 Vf = d . 0 4 5 6  in 

&V = 0, 3orL in3 

ATTACH ALL COHPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS 
COMMENTS ON DISSASSEMBLED CONDITION: 

REVISION - 
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SCENARIO #1, TEST #4C (Test Date 2/23/89) 
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I V PRESSURIZATION TESTS - TEST DATA SHEETS -4 

A-31 PAGE 

I d TEST 1: W SCENARIO 1 :  32 
ASSEMBLY DATE : d la3169 TEST TECHNICIAN: /I+! A , ; r ~ / n +  ,' 

0 
TEST SUPERVISOR: 7 K ~ r r  \QaO 

ASSEMBLY DETAILS: 

CYLINDER NO.: 
PRIHARY O-RING 
O-RING NO.: * l I  

O-RING INNER DIAMETER (inch): 4. 3 5 2  
O-RING X-SECTION DIAH (inch): 0. 2 9 C Z  

O-RING SQUEEZE ( X )  : (Ad&.) / 7. L 
ADJUSTED X-SECT (inch): C , Z 8 4 9  

O-RING CONDITIONING 

G-, a /  & ?  PISTON NO. : 
SECONDARY O-RING 
O-RING NO. : d 12 

O-RING INNER DIAH (inch): 3 , 351  
O-RING X-SECT DIAH (inch): 0 ,  7-901 

O-RING SQUEEZE: Ca46.) I ?  I 4- 
ADJUSTED X-SECT (inch): C !  aF.CL9 

CONDITIONING TEMP.: 112, z-°F 

. CONDITIONING START TIME: Oopl , CONDITIONING STOP TIME: 7 A M  4141 i-7 
2/23 ;;I 

FIXTURE CONDITIONING FOR TEST 
START DATE 61 TIME OF TEST CONDITIONING: &/24/%9, 7 ' ~  A t 4  

CONDITIONING TEMP. : 7&. OF 
DATE 6 TIHE OF TEST: 
FIXTURE TEMEPERATURE AT END OF TEST: 7 6 , 5  "F 

J./~J.( I s ] ,  
/ 

CALCULATE V,., FINAL VOLUME (Vrl 

3 Known initial volume in system calculated from Boyle's Law ( V i ) :  a f 4 G 8  

Patm = 12.7 psia 
T1 = 76.4 OF T2 = 7 6 . 5  OF (at 6 0  SCCQnds) 

Vf = a.o44/ in 

AV = 0 . 3 0 2 7  in3 

in 

Pf (at end of 1 min. from gage) + 12.7 = /4,6'2 psia 

Final Volume in Vq (Vf) = (Patm * vi * T2)/(Pf * TI) 
3 

vf AV = Vi - 

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS 
COMMENTS ON DISSASSEHBLED CONDITION: L L P ~ C ~  due +O 

* 
tnCL U ev '3rIfTKF.l O-rma. 5 ;+A I I- s e c o d  

+etu I 
I l 

'3 at I \ / a I ; b l #  (A&: P&k ?L5s we u\\\ ( h ~ t f ; ~  I 

REVISION - TWR- 1 9 7 94 
Doc NO. I VOL 
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SCENARIO #1, TEST X 5  (Test Date 2/24/89) 

Ta8t Pressure, Radlal and Axial Dlsplacement Vs. Time 
(1 Second Plot) 

TIME (SECONDS) 

V-4 Cavity Pree8ure VI. Tlme 
(1 Second Plot) 
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SCENARIO #1, TEST #5 (Test Date 2/24/89) 
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V PRESSURIZATION TESTS - TEST DATA SHEETS -4 

SLC 

SCENARIO 1 :  1- TEST H i  cc 
ASSEHBLY DATE: J / 2 7 / S ?  TEST TECHNICIAN: hl L7 l7 ,  ( / t i .  , 

- -  TEST SUPERVISOR: 7, I ; I ,  I . , , 

ASSEHBLY DETAILS: 

A-34 PAQE 

6 3 1  7 CYLINDER NO.  : "/!6 PISTON NO.: / b d  

PRIMARY O-RING SECONDARY O-RING 
f , ,f O-RING NO.! "13 O-RING NO.: 

O-RING INNER DIAMETER (inch)! q. 3 p 3  O-RING INNER DIAH (inch), +,:f=/ 

O-RING X-SECTION DIAM (inch)! 0 , 2 9 1 I L  O-RING X-SECT DIAM (inch) I 5 -  : ? I  2 

O-RING SQUEEZE ( X ) :  (446 ) / 7 .  # O-RING SQUEEZE: ( A 4 6  ,) 19, C 

ADJUSTED X-SECT (inch) : O,ZSS6 ADJUSTED X-SECT (inch) : 0, zass 

O-RING CONDITIONING 
CONDITIONING TEMP. I /of. ' OF 
CONDITIONING START TIME! / d : z U  A d  CONDITIONING STOP TIME: / A t A  

r7 

--I 89 
FIXTURE CONDITIONING FOR TEST 
START DATE 6 TIME OF TEST CONDITIONING: 
CONDITIONING TEMP. : 7 5 .  ' O F  

DATE b TIME OF TEST: i / J % / e ? ,  li, ; 1 5  A t 4  

FIXTURE TEMEPERATURE AT END OF {EST: 7b, + O F  

- -/as/sq , 7 / I f (  

CALCULATE V4 FINAL VOLUME (VE] 

3 K n o w  initial volume in system calculated Erom Boyle's Lav ( V i ) :  2,3468 in 
Patm = 12.7 psia / q , ?  psia 

Final Volume in V 4  ( V , )  I (Pat,,, * V i  * TZ)/(Pf * T1) 

Pf ( a t  end of 1 min. from gage) + 1 2 . 7  - 
T1 = 7 b , 4  O F  T2 = 74 .4  OF ( l t  6 0  j p r O n A -  4 

3 V f  = J, 0003 in 
nv = v i  - v f  
AV = O. 3465 in3 

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEHENT TRACES FOR ADOVE TESTS 
COHMENTS ON DISSASSEMBLED CONDITION: 

REVISION - TVR-19794 
DOC NO. I vol 
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CORPORA TION 
SPACE OPERA r /ms  

V PRESSURIZATION TESTS - TEST UATA SHEETS -4 

SCENARIO 1: I 
ASSEMBLY DATE: 2 / 2 7 / 6 4  

ASSEMBLY DETAILS : 

" 2 CYLINDER NO. : '>-'/I b PISTON NO.: L z / /  
PRIMARY O-RING SECONDARY O-RING 
O-RING NO.: P i  3 O-RING N0.r ? L  
O-RING INNER DIAMETER (inch): 9 .  373 O-RING INNER DIAM (inch)! ,? ?'i 
O-RING X-SECTION DIAH (inch) t 0,  290 2- O-RING X-SECT DIAM (inch) I Q.  C 
O-RING SOUEEZE ( X )  : ( A 4 4  .> / 7 4 O-RING SQUEEZE: (436 .> /'?, I, 

ADJUSTED X-SECT (inch) : 0,3856 ADJUSTED X-SECT (inch): Cj3F55 

O-RING CONDITIONING 
CONDITIONING TEMP. I /&, 'F 
CONDITIONING START TIME: l o !  30d1N CONDITIONING STOP TIHE: A d  - 

a/a;r lP? 
FIXTURE CONDITIONING FOR TEST 
START DATE & TIME OF TEST CONDITIONING: 
CONDITIONING TEHP. : 75. ' O F  

; / 2 9 / r ?  ~ 7 Ar-2 

DATE b TIME OF TEST: a/as/ss , ~ 4 5 ~ ~ 4  
FIXTURE TEMEPERATURE AT END OF TEST: 75,5 "F 

CALCULATE V4 FINAL VOLUME (Vfl 

3 Knovn initial volume in system calculated from Boyle's Law (Vi): 3,3'.? 

'atm 

T1 
Final Volume in Vq (Vf) = (Pat , , ,  * V i  * T2)/(Pf * TI) 

in - 12.7 psia Pf (at end of 1 min. from gage) + 12.7 = /31(.7 p s i a  
= 75#5 O F  T2 9 758 5 O F ( 0 t  60 ~ P C O C I C \ S  

3 v f  = a.1803 in 

AV - !7. /665 in3 
AV = V i  - V f  

ATTACH ALL COHPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS 
COHHENTS ON DISSASSEHBLED CONDITION: 

REVISION - TVR- 1 9 7 9 4 
WL 

DOC NO. 

SEC 
PAGE A-37 
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SCENARIO #I, TEST #6A (Test Date 2/28/89) 

M L  

l e s t  Pressura, Radial end Axlal Dlrplacement V8. Time 
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CORPORA TION 

V PRESSURIZATION TESTS - TEST DATA SHEETS -4 

SCENARIO # !  7: TEST 1: 6 -  3 
ASSEHBLY DATE: ai2 7/77 TEST TECHNICIAN: kl I 6~7 f~ I 

1 TEST SUPERVISOR: )7 / / / /  i c ; ,  , 

ASSEHBLY DETAILS: 

CYLINDER NO. : Y / b .  PISTON NO. : 
PRIHARY O-RING 
O-RING NO. I 

SECONDARY O-RING 
/ 3  O-RING NO. : 

O-RING INNER DIAHETER (inch): 3.393 O-RING INNER DIAH (inch): 7 

O-RING X-SECTION DIAH (inch)r 0 . 2 3 C t  O-RING X-SECT DIAH (inch11 Z ,  :?/; 

ADJUSTED X-SECT (inch): ADJUSTED X-SECT (inch) : 0 ,  , ' 73  
O-RING SQUEEZE ( X ) :  ( AJG 17 .4  O-RING SQUEEZE: ( A 4 6 )  ,' ?. G 

O-RING CONDITIONING 
CONDITIONING TEHP. ! /o  8 "F 
CONDITIONING START TIHE: / O p 3 0 m  CONDITIONING STOP TIHE: 7 A r . l  

q 2  7 / fy 
FIXTURE CONDITIONING FOR TEST 
START DATE 6 TIHE OF TEST CONDITIONING: 3 / J ? / g i  , 9 
CONDITIONING TEMP. : 75.  0 "F 
DATE 6 TIME OF TEST: 
FIXTURE TEHEPERATURE AT END OF TEST: 75.1 "F 

2/27/ g j  , J 0 I. -?) 3 /1 rA 
/ 

CALCULATE V4 FINAL VOLUME ( V r l  

3 Known initial volume in system calculated from Boyle's Law (Vi): 2.  34(,P, in 
Patm = 12.7 p s i a  J 3 , 6 5  ps ia  

Final Volume in V4 (Vf) = (Patm * V i  * T2)/(Pf * T1) 

Pf ( a t  end of 1 min. from gage) + 12.7 = 

TI = 7 5 , l  "F T* I 7 5 , /  O F  (at 6.i s P r o . . : \ <  1 

3 = a ,  1935 in v f  
AV I V i  - V f  

AV = O,/L33 in3 

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS 
COHMENTS ON DISSASSEHBLED CONDITION: 

AEVlSlON - TWR- 19 7 9 4 
W L  w c  NO. 
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REVISION - DOC NO 

V PRESSURIZATION TESTS - TEST DATA SHEETS -4 

voc 

SCENARIO 1 :  z TEST # :  6 - c  
ASSEMBLY DATE: S'/2 7 /43 TEST TECHNICIAN: bf L; ), I , 

/ TEST SUPERVISOR: I . r ,', 3 i ; I 

ASSEMBLY DETAILS: 

I,' ' , L CYLINDER NO.! 31 /b PISTON NO.: 
PRIMARY O-RING SECONDARY O-RING 
O-RING NO. : 

? - I  "13 O-RING NO. 2 /4 

O-RING INNER DIAMETER (inch); 9 . 3 6 3  O-RING INNER DIAM (inch): 1 ' & /  

O-RING X-SECTION DIAH (inch); d .2902  O-RING X-SECT DIAM (inch); li Z ;'/? 

O-RING SQUEEZE ( X ) !  (Ad&.) 1714 O-RING SQUEEZE: ( h i & )  /?, lo 
ADJUSTED X-SECT (inch): 0.275b ADJUSTED X-SECT (inch): O.ZT55 

O-RING CONDITIONING 
CONDITIONING TEHP. t lo?# 'F 
CONDITIONING START TIME1 10'30 A 4  CONDITIONING STOP TIME: / A t , '  

+ 7 /  79 

FIXTURE CONDITIONING FOR TEST 
START DATE 6 TIHE OF TEST CONDITIONING: 
CONDITIONING TEHP. : 75. ' OF 
DATE 6 TIME OF TEST: 
FIXTURE TEMEPERATURE AT END OF TEST: ti OF 

2/73/9l , 9 A1-r 

r ? j a ? / g 4  , / u  : 30n fl-4 

CALCULATE V4 FINAL VOLUHE ( V r l  

3 
Known initial volume in system calculated from Boyle's Law (Vi)! 2 ,  3 4 b f  
Patm = 12.7 psia 

Final Volume in V 4  (Vf) = (Pat,,, * Vi * T2)/(Pf * TI) 

in 

Pf ( a t  end of 1 min. from gage) + 12 .7  = 14, $7 psia 

76. 7 OF T2 = 76 .  ' F ( Q ~  b3 ~ P C ~ _ . I C \ : ,  ) T1 = 

3 V f  - J.oolG in 

AV 0 ,  3452 in3 
AV - Vi - vf  

ATTACH ALL COHPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS 
COHHENTS ON DISSASSEHBLED CONDITION: 



CORPORA TION 
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SCENARIO #1, TEST #6C (Test Date 2/28/89) 

S I C  

Test Preeaure, Radial and Axial Dlsplacement VI. Tlme 
(1 Second Plot) 
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SPACE OPERATIONS 

aoo - 
600 - 

n 

v) 
Q 

W 

3 
v) 
v) 
W 
K 
0. 

0 
W 

a 

n 

v) 
Q W 

w 
K 
3 
v) 
VI 
W 
K 
0 

0 

..-.- .-. - .-.- ._. _. _. -, -. _._. __ __ ._  .- ._._ ._. - _ _  .-.*. _._._ ._.-. -.-. -- .-.-. - .-.-. -. -.-.-. ----------_----------------- ------ -- -___________________-------. ------ --__ 
- 0.02 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .. .. . -. ... .. . . . . . . . . .. . . . . . .. . . .. . . . . . . . . . . .. . . . . . . - . . . . . . . . . .. . . . . . . . . , . , . . . -. , , . . . . . . . . . . . , . . . . . .. . . . . . ... . . . . . . . . . . . , . . 

SCENARIO #l, TEST X6C (Test Date 2/28/89) 

u(uL DISPLACEMENT 2 

Test Pressure, Radial end Axlal Dlsplacement Vs. Time 
(120 Second Plot) 
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REVISION - 



CORPORATION 
SPACE OP€RATIONS 

V PRESSURIZATION TESTS - TEST DATA SIIEETS -4 

SCENARIO #: 1 TEST tr L i, 
ASSEMBLY D A T ' m  TEST TECHNICIAN: H C; ? Y  - 1 ,  -- 

TEST SUPERVISOR: 7, L u c r , 7 J , 

ASSEMBLY DETAILS: 

PISTON NO.: =/L. 2 CYLINDER NO. : k3 / /  b 

7 Af O-RING NO.: @ /  3 O-RING NO. I 

O-RING INNER DIAMETER ( i n c h ) ;  9 323 O-RING INNER DIAH ( i n c h ) !  C z  
O-RING X-SECTION DIAH ( i n c h )  I i).??cr' O-RING X-SECT DIAM ( i n c h )  I 1), 7 L 

O-RING SOUEEZE ( X ) :  (4U'G.) /7  4 O-RING SQUEEZE: ( k 4 6  ,) 1 7  'p 

ADJUSTED X-SECT ( i n c h )  : 0, as$& ADJUSTED X-SECT ( i n c h )  : 6 - 2  7s  5 

PRIMARY O-RING SECONDARY O-RING 

- -  

O-RING CONDITIONING 
CONDITIONING TEHP. ; / 0 8 I 8 O F  

CONDITIONING START TIHE; /030 A r 4  CONDITIONING STOP TIHE: 7 /I Y 
--ic 9 

FIXTURE CONDITIONING FOR TEST 
START DATE b TIME OF TEST CONDITIONING: 
CONDITIONING TEHP. : 75, OF 
DATE b TIHE OF TEST: 2 / 2 % / $ 7 ,  }-q 
FIXTURE TEMEPERATURE AT END OF TEST: 77 4 O F  

2 / 6 1 ? / g 3  , 7 At-\ 
I / 

CALCULATE V4 FINAL VOLUHE (Vrl 
3 Knovn i n i t i a l  volume in system c a l c u l a t e d  Erom B o y l e ' s  Lav (Vi): 

Patm I 12.7 p s i a  
TI = ' 77 .4  O F  T2 = 7 8 . 4  O F [ Q ~  6 b  5eco&> 

F i n a l  Volume i n  V4 (Vf) 
vf = /. 9 / 4 2  i n  

4.3468 In  

PE ( a t  end of 1 min.  from g a g e )  + 1 2 . 7  = 

(Pat,  * Vi * T2)/(Pf * TI) 

/5,57 p s i a  

3 

v€ bV = v i  - 
av = 0 . 4 3 2 6  i n 3  

ATTACll ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS 
COHHENTS ON DISSASSEHBLED CONDITION: 

REVISION - TUR-19794 
VOL wc NO. 

S€C I PIaE A-46 
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CORPORA TION 
SPACE OPFRATfONS 

SCENARIO #l, TEST X6D (Test Date 2/28/89) 

Te8t Pressure, Radlal and Axlal Dlsplacement V r .  Time 
(1 Second Plot) 

V-4 Cavlty Pre88ure V8. Time 
(1 Second Plot) 
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CORPORA TION 
SPACE OPERATIONS 
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CORPORA TION 
SPACE OPERATIONS 

Doc NO. 

V -4 PRESSURIZATION TESTS - TEST DATA SHEETS 

VOL 

1 SCENARIO #: 

ASSEMBLY DATE: S/J'3,/g7 

ASSEMBLY DETAILS: 

CYLINDER NO.: b 3 / / b  
FRIHARY O-RING 

t'/s O-RING NO. : 
O-RING INNER DIAMETER ( inch) : (? 3s / 
O-RING X-SECTION DIAH (inch) t 0,2804 
O-RING SQUEEZE ( X ) :  (Ad&.) /7< 2 

ADJUSTED X-SECT (inch): 0.28SJ 

TEST It: 7 

TEST SUPERVISOR: )<if(, ( 7 4  , 
TEST TECHNICIAN : 14 G.1 - I , ,  ,- 

I 

PISTON NO.: L"/bT 
SECONDARY O-RING 

O-RING NO. : lG: 

O-RING INNER DIAM (inch): 9 ,  3 F3 
O-RING X-SECT DIAH (inch): o . ~ g 7 $  
O-RING SQUEEZE: ( ~ d 6 . )  I 3.7 
ADJUSTED X-SECT (inch): 0.a731 

O-RING CONDITIONING 

CONDITIONING TEHP.: 1 / 3 . ~  O F  

CONDITIONING START TIME: CONDITIONING STOP TIME: 7 4 M , ? / I  /;f 

FIXTURE CONDITIONING FOR TEST 
START DATE b TIME OF TEST CONDITIONING: 31 I /n , 
CONDITIONING TEHP. : 75, O F  1 

I O ' C U  A 4  

DATE b TIME OF TEST: 311 / fl I 
FIXTURE TEHEPERATURE AT END 6F TEST: 75. 9 O F  

CALCULATE V, FINAL VOLUME (Vrl 

Knovn initial volume in system calculated from Boyle's Lav (Vi): 2. ?16 7 in 3 

Patm - 12.7 psia 
T1 = 75.6 OF T2 = 75.7 O F  ( U t  &O *conAs) 

Pf (at end of 1 min. from gage) + 12.7 = /5e2.3 psia 

Final Volume in V4 (Vf) = (P * Vi * T*)/(Pf * TI) 
3 Vf = l.9506 i n  

AV = 0. 3 1 6 2  in3 
vf  AV = Vi - 

ATTACH ALL COHPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS 
COMMENTS ON DISSASSEMBLED CONDITION: 

REVISION - 



CORPORA Tf ON 
SPACE OP€RATIONS 
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SCENARIO #I, TEST #7 (Test Date 3/01/89) 

Teat Pre8rur0, Radial and Axlal Displacement V8. Time 
(1 Second Plot) 
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SCENARIO #l, TEST X7 (Test Date 3/01/89) 

wc NO. 

Test Pressure, Radial and Axlal Dlsplacement V8. Time 
(120 Second Plot) 
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CORPORA TION 
SPACE OPERATIONS 

A-52 PAOE 

V PRESSURIZATION TESTS - TEST DATA SHEETS -4 

SCENARIO #: 

ASSEMBLY DATE: &?/? f !g '? 

ASSEMBLY DETAILS: 

CYLINDER NO. : 
PRIMARY O-RING 
O-RING NO. : ffL5- 
O-RING INNER DIAHETER (inch) I 7. 3C I 
O-RING X-SECTION DIAH (inch) : 0, 2 ' j / ~ 4  
O-RING SQUEEZE ( X I :  (A%.) /7, 2 
ADJUSTED X-SECT (inch): 0 . 2  8 . 9  

TEST 0 1  7- A 
TEST TECHNICIAN: ~ d t  , - v ~ /  /, I I I -  I 

TEST SUPERVISOR: < k'-.c, , e ) ,  

( 

Li2 - PISTON NO.: L-: 

SECONDARY O-RING 
O-RING NO. : " . 6  
O-RING INNER DIAH (inch): 7 r'.' 

O-RING X-SECT DIAH (inch): u ,  3 i'?7 

. - - e  

O-RING SQUEEZE: (A% ) / f ?  3 
ADJUSTED X-SECT (inch): 0 .393  / 

O-RING CONDITIONING 
CONDITIONING TEHP. : 113. 3 O F  

CONDITIONING START TIME: I ' 3 0 ~ ~ 1  CONDITIONING STOP TIHE: 7 a ~  ? / I /  7 i 
2 / 2 g / 8  9 

FIXTURE CONDITIONING FOR TEST 
START DATE 6 TIHE OF TEST CONDITIONING: .?/I /as,  
CONDITIONING TEHP. : 75. O F  

DATE h TIME OF TEST: 3 / / , / $ 3 9  
FIXTURE TEHEPERATVRE AT END OF TEST: 76,  OF 

! L : h  A q  

CALCULATE V4 FINAL VOLUME (Vfl 

Knovn initial volume in system calculated from Boyle's Lav (V ) :  2 . 3 4 6 9  
Pat,,, = 12.7 p s i a  

T1 = 76 7 O F  T2 = 76.7 O F  ( o t  60 5c'rbr 4- \ 

Vf = 2,1731 in 

AV = 0.1537 in3 

in3 i 
Pf (a t  end of 1 min. from gage) + 12.7 = / 3 , S 5 '  psia 

Final Volume in V4 (Vf) - (Pat,,, * V i  * T*)/(Pf * Ti) 
3 

vf AV V i  - 

ATTACH ALL COHPUTER PRINTOUTS AND PRESSURE AND DISPLACEHENT TRACES FOR ABOVE TESTS 
COHHENTS ON DISSASSEHBLED CONDITION: 

TWR-19794 
wc ruo. I VOL REVISION - 



CORPORA TION 
SP4CE OPERATIONS 
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SCENARIO #1, TEST U 7 A  (Test Date 3/01/89) 
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CORPORA rioN 
SPACE OPERATIONS 

1 4 -  

1.2- 

n 2 1.0- 

SCENARIO #l, TEST #7A (Test Date 3/01/89) 
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I 1 

Doc No. 

CORPORA no,v 
SPACE OPERA TIONS 

VOL 

V PRESSURIZATION TESTS - TEST DATA SllEETS -4 

PISTON N0.r f,. qh3 CYLINDER NO. : - L3//b 
PRIHARY O-RING SECONDARY 0 - RI NG 
O-RING NO. : #/r O-RING NO.! =- / b  

O-RING INNER DIAHETER (inch) t 9, 351 O-RING INNER DIAH (inch) 1 -3. -73 
O-RING X-SECTION DIAH (inch) I 01 2706 O-RING X-SECT DIAH (inch) I 8 , 2 6 7 7  

O-RING SOUEEZE ( X ) :  (Ad&.) /7,& O-RING SOUEEZE: ( A d 6 . )  17. P 
ADJUSTED X-SECT (inch) I C,Z85/ ADJUSTED X-SECT (inch): 6 ,  a 731 

O-RING CONDITIONING 
CONDITIONING TEMP. I //3,3 - 'F 
CONDITIONING START TIHEI /!30 .@ CONDITIONING STOP TIME! 7 h r f ,  s// /; 3 

212 9) 89 

FIXTURE CONDITIONING FOR TEST 
START DATE 6 TIHE OF TEST CONDITIONING: 3/l/fl, 
CONDITIONING TEMP. : 7 5 .  OF 

/ D  

DATE & TIME OF TEST: 31, /FYI I /  4 q  
I 

FIXTURE TENEPERATURE AT END OF TEST: 76.4  O F  

CALCULATE Vlr FINAL VOLUME ( V r 2  

3 
Knovn initial volume in system calculated from Boyle's Lav (Vi): 

'atm 

Final Volume i n  V4 (V,) = (Pat,,, * V i  * T2)/(Pf * T1) 

a.',.Cb8 in 

- 12.7 psia P f  ( a t  end of 1 min. from gage) + 12 .7  = /3 ,57  psia 

Tl = 76.4 'F T~ I 76.4 e F ( a t  LO 5pCon(\5) 

3 
I I963 i n  "f - 

AV = vi - V f  
AV = o , / s o . ~  in3 

ATTACI! ALL COHPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS 
COHHENTS ON DXSSASSEHBLED CONDITION I 

REVISION - 



CORPORA TtON 
SPACE OPERATIONS 

Doc no. 

SCENARIO #1, TEST #7B (Test Date 3/01/89) 

VOL 

Teat Prerrure, Radlal and Axial Dirplacement Va. Tlme 
(1 Second Plot) 
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CORPORATfON 

Doc NO. 

SPACE OPERATIONS 

VOL 

V -4 PRESSURIZATION TESTS - TEST DATA SHEETS 

SCENARIO #:  z 
ASSEMBLY DATE: &)/.,a/ f y  

ASSEMBLY DETAILS: 

CYLINDER NO. : '3//6 

PRIHARY O-RING 
O-RING NO. : /s 
O-RING INNER DIAMETER (inch) : 
O-RING X-SECTION DIAH (inch) : 
O-RING SOUEEZE ( X )  : (Ad+ ,) 

3.35 I 

0 0 2 9 v  4 
17. 2 

ADJUSTED X-SECT (inch): o.a851 

TEST # :  '7- c 
TEST TECHNICIAN: K-1 I L17r , / , I  c ( -  

TEST SUPERVISOR: < kct, t i l  I I \  

( 

PISTON NO.! J 

- 

SECONDARY O-RING 
O-RING NO.: j 1  i b 
O-RING INNER DIAH (inch): 3 7 3  
O-RING X-SECT DIAM (inch): fj, 22'77 
O-RING SQUEEZE: (44C .) 18- 3 
ADJUSTED X-SECT (inch): 0#,?73 I 

O-RING CONDITIONING 
CONDITIONING TEMP.: 113. "F 

CONDITIONING START TIME: CONDITIONING STOP TIME: 7 AM 311 / ? ?  

FIXTURE CONDITIONING FOR TEST 
START DATE 6 TIME OF TEST CONDITIONING: 
CONDITIONING TEMP. : 75, "F 

DATE & TIME OF TEST: 
FIXTURE TEMEPERATURE AT END OF TEST: 

3//  / g q ,  l d ' -  A 4  
I 

3 /  / I 6 7  
74, 5 O F  

CALCULATE V4 FINAL VOLUME ( V f l  

Known initial volume in system calculated from Boyle's Lav (Vi): a 0 3 4 b 8  in 3 
Pat,,, = 12 .7  ps ia  

TI = 76. 3 O F  T2 = 7G.4  "F(ad 60 jpfo,-,r\5) 

Pf (a t  end of 1 min. from gage) + 1 2 . 7  I 15.40 psia 

Final Volume in V4 (Vf) = (Pat,,, * Vi * T2)/(Pf * TI) 
3 V f  = 1 , 9 3 7 9  in 

"f &V a vi - 
AV - 0.4089 in3 

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS 
COMMENTS ON DISSASSEHBLED CONDITION: 

RLVlSlON - 
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SPACE OPERATIONS 

Doc no. 

SCENARIO t l ,  TEST Y7C (Test Date 3/01/89) 
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Te8t Pressure, Radlal and Axlal Displacement Va. Tlme 
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CORPORA TlON 
SPACE OPERATIONS 

V PRESSURIZATION TESTS - TEST DATA SllEETS -4 

DOC NO. 

SCENARIO t !  5 
ASSEHBLY DATE1 

VOL 

ASSEHDLY DETAILS: 

CYLINDER NO.! 3/ ,  ' 
PRIHARY O-RING 
O-RING NO.! 

TEST 1 1  a 
TEST TECflNICIAN! h , I=/ p D V  

TEST SUPERVISOR1 k, y.: 6 f I 9 0 , 

PISTON NO. : ''/6 > 
SECONDARY O-RING 

#/7 O-RING NO.! 
O-RING INNER DIAHETER ( i n c h )  I 9, 374 O-RING INNER D I M  (inch) I 9. 32'7 
O-RING X-SECTION DIAH (inch)! 0, 2904 O-RING X-SECT DIAH ( inc l i ) r  C Z9C / 
O-RING SQUEEZE ( X ) :  (h-44.) I ?  4 O-RING SQUEEZE: ( R d b , )  1 ?, 
ADJUSTED X-SECT (Inch): 0, 2 $ 5 d  ADJUSTED X-SECT (inch): C , 2 $ 4 1  

O-RING CONDITIONING 
CONDITIONING TEHP. ! / 13 O F  

CONDITIONING START TIHEI 2 !&.m,, 3/,/z9 CONDITIONING STOP TIHEI 7 A M  , 3 /2/ ' f i  

FIXTURE CONDITIONING FOR TEST 
START DATE b TIHE OF TEST CONDITIONING: 3/2/17, 

DATE b TIHE OF TEST: ,3/ z / n  , 1 1 :  2 5  pt.4 

// A M  
CONDITIONING TEHP. : 7L.O OF 

FIXTURE TEHEPERATURE AT END OF TEST: 75, 9 O F  

CALCULATE V4 FINAL VOLUHE ( V E L  

3 Knovn initial volume in system calculated f r o m  Boyle's Lav (Vi): 2,346r 

'atm 
T1 7517 O F  T~ I 75.P OF ( a+ 60 5ec0. 4:) 

i n  

= 12.7 psia Pf (at end o f  1 nin. f r o m  gage) + 1 2 . 7  = 15.4 psia 

Final Volume i n  V4 ( V f )  = (Pat,,, * V i  * T2)/(Pf * Ti) 
3 V f  a I ,  9379 in 

AV = 0,4089 ill3 

AV Vi - V f  

ATTACH ALL COHPUTER PRINTOUTS AND PRESSURE AND DISPLISCEHENT TRACES FOR ABOVE TESTS 
connEms ON DISSASSEHBLED CONDITIONI 

REVISION - 
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M L  

SCENARIO #1, TEST R8 (Test Date 3/02/89) 

Test Preaaure, Radlal and Axlal Dlsplacement Vs. Time 
(1 Second Plot) 
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CoffPORA TION 
SPACE OPERATIONS 

M L  

V PRESSURIZATION TESTS - TEST DATA SI1EETS -4 

SCENARIO #! TEST a 1  8 - A  
ASSEHBLY DATE! 31 I / d(7 TEST TECHNICIAN: M Go, i ,  ~ r 

TEST SUPERVISOR: 7, f-' -- / ' I :In y 1 

ASSEMBLY DETAILS: C' 

"//b PISTON NO.: Q 3 i 0  5 CYLINDER NO.: 
PRI HARY 0- RI NG SECONDARY O-RING 
O-RING NO. : $17 O-RING NO.; ?7 18 

O-RING SQUEEZE ( X ) :  (WG.) / 7 4  O-RING SQUEEZE: (AI /&*)  I ? .  L A  

O-RING INNER DIAMETER (inch): 9. .' 7 4  O-RING INNER DIAH (inch)! j .  2 - 2  7 
O-RING X-SECTION DIAH (inch) t O-RING X-SECT DIAH ( inch) t 0.  .3 yc / 

ADJUSTED X-SEfX (inch) : O.aa56 ADJUSTED X-SECT (inch): 0,Jzdf  

0,304 

O-RING CONDITIONING 
CONDITIONING TEMP. I JI3,3 O F  

CONDITIONING START TIMEt d CONDITIONING STOP TIHE: 7 A t 4  ~ ? y  2; '. 1 ,3& 
FIXTURE CONDITIONING FOR TEST 
START DATE 6 TIME OF TEST CONDITIONING: 3/2-/7:7 , ' I  0 o 01'4 

CONDITIONING TEMP. : 76. * OF 
, 

DATE 6 TIHE OF TEST: 3/2/87. 11'55 A M  

FIXTURE TEHEPERATURE AT END OF'TEST: 75,q OF 

CALCULATE V4 FINAL VOLUME (Vf2 

Knovn initial volume in system calculated from Boyle's Law (Vi): d.346iT in3 
Patm = 12.7 psia Pf (at end of 1 min. from gage) + 12.7 = 

Final Volume in V4 (Vf) = (Pat,,, * Vi * T2)/(Pf * T1) 

/ 3 , & z  p s i a  

7 5 . 9  OF ( a t  6 0  z { ' f Q ,  c\-3 

3 

TI = 75.9 OF T2 

V f  = 2,/974 in 
AV w Vi - V f  
AV = 0. in3 

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS 
COHHENTS ON DISSASSEHBLED CONDITION: 

REVISION - 
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SCENARIO #1, TEST #8A (Test Date 3/02/89) 
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H Q E  
A-67 

V PRESSURIZATION TESTS - TEST DATA SHEETS -4 

SCENARIO t :  I TEST 1: 8- a 
ASSEMBLY DATE: 3/,  /99 TEST TECHNICIAN: / M . Gal7 b.0 c -  

TEST SUPERVISOR: I . C Q ~  r 1.7 t ,-3, 

ASSEHBLY DETAILS: 

( '  - CYLINDER NO.: PISTON NO.: 

PRIMARY O-RING SECONDARY O-RING 
O-RING NO.: 4 /7 O-RING NO. t - 4 c  /u 

O-RING INNER DIAMETER (inch): 9. ,374 O-RING INNER DIAH (inch): 9. 927 
O-RING X-SECTION DIAM (inch): 0 , 2 9 0 4  O-RING X-SECT DIAM (inch): o.a?d/  

ADJUSTED X-SEm (Inch): 0,2?56 ADJUSTED X-SECT (inch): 0.w'fl 

O-RING SQUEEZE ( X ) :  (AJ6.) 171.4 O-RING SQUEEZE: ( A 4 6 . )  I ? /  2. 

O-RING CONDITIONING 

1, 1- 3 
CONDITIONING TEHP. : //3#' "F 
CONDITIONING START TI HE^ ~ : ~ + W ~ ~ / , / ~ C O N D I T I O N I N G  STOP TIME: 7 A I {  3/. 1 6  ' 

FIXTURE CONDITIONING FOR TEST 
START. DATE 6 TIME OF TEST CONDITIONING: 
CONDITIONING TEHP. : 76 .O "F 

FIXTURE TEHEPERATURE AT END OF TEST: 7 G . O  "F 

3/2/?? , / /  A r-.l 
I 

DATE b TIHE OF TEST: 3/2/64 , I Z!oS fn? 

CALCULATE V 4  FINAL VOLUHE ( V r l  

Known initial volume in system calculated from Boyle's Law (Vi): 23468 
Patm I 12.7 psia 

Final Volume in V4 (Vf) = (Pat,,, * V i  * T2)/(Pf * T1) 

Pf  ( a t  end o f  1 min. from gage) + 12.7 = / 3 . 6 4  psia 
T1 = 7 5 , 9  "F *2 - 7 b . O  O F  (a+ 60 seconds\ 

3 V f  = J .  lg74 in 

AV = 0, (583 in3 
AV Vi - V f  

3 in 

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS 
COMHENTS ON DISSASSEHBLED CONDITION: 

REVISION - 
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CORPORA TION 
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VOL 

SCENARIO X I ,  TEST X8B (Test Date 3/02/89) 
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CORPORA TION 
SPACE OP€UAT/ONS 

V PRESSURIZATION TESTS - TEST DATA SHEETS -4 

SCENARIO t !  L 
ASSEMBLY DATE: 311 /a9 

ASSEHBLY DETAILS: 

TEST 11 $4 
TEST TECHNICIAN: M . (7 urd n c 
TEST SUPERVISOR: 7 k,,'?, ; p a , ;  

c 

/ 2  

PISTON NO.: L' ~ / ,> -3 CYLINDER NO. : 

PRIHARY O-RING SECONDARY O-RING 
6 31,  (p 

O-RING NO. : '17 O-RING NO.! 43 
O-RING INNER DIAMETER (inch)! 9.374 O-RING INNER DIAH (inch)! 9,327 
O-RING X-SECTION DIAH (inch)! 0 . 2 9 4  

ADJUSTED X-SECT (inch) : 4. 3 FS6 ADJUSTED X-SECT (inch) : 0 . U A  

O-RING X-SECT DIAH (inch); 0 2 9 O /  
O-RING SOUEEZE ( X ) :  (A\(&.) /7# 4 O-RING SOUEEZE: ( A d a . )  / ? l a  

O-RING CONDITIONING 
CONDITIONING TEHP. I I 13, O F  

~ 

CONDITIONING START TIHEr 1.'30 P" CONDITIONING STOP TIHE: 7 AH 1 3 / ~ / f 9  
311 la9 

FIXTURE CONDITIONING FOR TEST 
START DATE L TIHE OF TEST CONDITIONING: 
CONDITIONING TEHP. : 7 6 ,  ' "F 
DATE 6 TIME OF TEST: 3 / 2 / 3 7 ,  I /  ! 4 U  A q  

FIXTURE TEHEPERATURE AT END OF TEST: 76#/  "F 

3/2/?? If !eo Af-4 

CALCULATE V,. FINAL VOLUME ( V r l  - 
3 Knovn initial volume in system calculated from Boyle's Lav (Vi>: a.340 in 

Patm I 1 2 . 7  psia  / 5 .  46 ps ia  
TI - 7 6 ,  ' "F T2 I 7&,' 'F(at & seconds) 
Final Volume in V4 (Vf) I (Patm * V i  * T2)/(Pf * TI) 

Pf (at end of 1 min. from gage) + 12.7 = 

3 1,9178 i n  "f I 

AV = Vi - V f  
AV I 0,4190 in3 

ATTACH ALL COHPUTER PRINTOUTS AND PRESSURE AND DISPLACEHENT TRACES FOR ABOVE TESTS 
COHHENTS ON DISSASSEHBLED CONDITION: 

RLVlSlON - TWR- 19 7 94 
M L  Doc NO. 
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Doc No. 

SCENARIO #l, TEST #8C (Test Date 3/02/89) 

VOL 

Test Pressure, Redid and Axial Displacement Vs. Time 
(1 Second Plot) 
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SCENARIO # l ,  TEST #8C (Test Date 3/02/89) 

Teat Pressure, Radlal and Axlal Dlsplacement Va. Tlme 
(120 Second Plot) 
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p*QE 
A-73 

v PRESSURIZATION TESTS - TEST DATA SHEETS -4 

SCENARIO it: 2 TEST 1: 3 
TEST TECHNICIAN: f l ,  64, j f c ,  

TEST SUPERVISOR: < ) d o f f ;  2, \ 

ASSEHBLY DATE: 

ASSEHBLY DETAILS : 

CYLINDER NO. 6 3 / / b  

O-RING NO. 1 9'2) 
PRI H ARY 0 -RING 

O-RING INNER DIAMETER (inch)! 9.  35/ 
O-RING X-SECTION DIAM (inch) I 0,2?07 
O-RING SQUEEZE ( x ) :  ( A ~ G . )  173 
ADJUSTED X-SECT ( inch) : 04 2859 

PISTON NO.: 
SECONDARY O-RING 
O-RING NO.: 8 iz 
O-RING INNER DIAH (inch): f , > k T  
O-RING X-SECT DIAH (inch) 1-73 
O-RING SQUEEZE: (14-46.) 1 '?a 3 

ADJUSTED X-SECT (inch) : G ,  23'4, 

O-RING CONDITIONING 
CONDITIONING TEHP. : 114, ' OF 
CONDITIONING START TIHE! CONDITIONING STOP TIME: 7 Ahl ,  3/G'?? 

FIXTURE CONDITIONING FOR TEST 
START DATE b TIHE OF TEST CONDITfONING: 3/s/67. ?So P*.l 
CONDITIONING TEHP. : 75, ' OF 
DATE 6 TIHE OF TEST: 3/8)F7, f d ' # s # d  
FIXTURE TEHEPERATURE AT END OF'TEST: 7f, O F  

, I  / 

CALCULATE V4 FINAL VOLUHE (Vf2 

Known initial volume in system calculated from Boyle's Law (Vi)! 4.34bF) in3 
P a t m  = 1 2 . 7  psia /5.42 p s i a  

T1 = 74,' O F  =2 * 74. * O F  (at 60 5 0 c o , , - \ - - , ' )  

Filial Volume i n  V q  (Vf) = (eatm * Vi * T2)/(Pf * T1) 

P f  (at end of 1 min. from gage) + 1 2 . 7  = 

3 v f  = 1~73a8 in 

bV = vi - v f  
bV I 0,4t40 in3 

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS 
COMMENTS ON DISSASSEHBLED CONDITION: 

REVISION - 



Test Pressure, Radial end Axial Displacement Vs. Time 
(1 Second Plot) 

DOC NO. 

CORPORATION 
SPACE OPERATIONS 

VOL 

SCENARIO #1, TEST #Q (Test Date 3/08/89) 
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CORPORA rtoN 
SPACE OPERATIONS 

ooc NO 

V PRESSURIZATION TESTS - TEST DATA SIIEETS -4 

VOL 

SCENARIO a :  -L TEST 11 7 - A  
ASSEMBLY DATE: ?i/b/ f?  TEST TECHNICIAN: kt I 0 3 ,  i I c 

ASSEMBLY DETAILS: 
TEST SUPERVISOR: C k~ r : Q . 

c 

I 

L -- CYLINDER NO. : '. 3/ ,L  PISTON NO.: / ('I -- 

PRIMARY O-RING SECONDARY O-RING 
7 - _  O-RING NO.: 3 &/ O-RING NO.: -c 

O-RING INNER DIAMETER (inch): 9. :s/ O-RING INNER DIAM (inch)! 7 : L c /  
, l - -  

O-RING X-SECTION (inch): ( ) .3J07 O-RING X-SECT DIAH (inch): 5 ? ? 3 2  
O-RING SQUEEZE ( X I :  (Ad&.) / 7 . 3  O-RING SQUEEZE: ( 1 4 4 6 . )  1 7 ,  2 
ADJUSTED X-SECT ( inch) r c.2954 ADJUSTED X-SECT (inch): .-, 28*1/ 

O-RING CONDITIONING 
CONDITIONING TEMP. r I1 4 -  ' "F 
CONDITIONING START TIME; w3/7/6.) CONDITIONING STOP TIME: 

- - ., \ 

1 A L ~  : . . 7 

FIXTURE CONDITIONING FOR TEST 
r START DATE 6 TIME OF TEST CONDITIONING: 5/?/ 67 , 6L7D A t !  

CONDITIONING TEMP. : 75.  "F 
,DATE 6 TIME OF TEST: 31 ?) ? I ,  
FIXTURE TEMEPERATURE AT END OF TEST: 7 6 . 1  OF 

I 

I /  : 15Ar.4 

CALCULATE V4 FINAL VOLUME (Vfl 

3 Knovn initial volume in system calculated from Boyle's Law (Vi): at34bg in 
psia 'a tm I 12.7 ps ia  Pf ( a t  end of 1 min. from gage) + 12.7 = 13.59 

T1 = 7 b  z O F  T2 = 7 b . %  O F  ( o f  6 0  Seconds) 

Vf = 2. ,931 i n  

vf ev = vi - 
eV = 0. 1537 in3 

Final Volume in V4 (Vf) = (Pat,,, * V i  * T2)/(Pf * TI) 
3 

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS 
COHHENTS ON DISSASSEHBLED CONDITION: 

REVISION - TWR- 1 9 7 94 
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SCENARIO #1 ,  TEST U 9 A  (Test Date 3/08/89) 

Test Pressure, Redlal and Axlal Displacement Vs. Tlme 
(1 Second Plot) 
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SCENARIO #I,  TEST #9A (Test Date 3/08/89) 

Test Pressure, Radlal and Axial Dlsplacement Vs. Time 
(120 Second Plot) 
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CORPORA TION 
SPACE OPERA 770lvS 

V PRESSURIZATION TESTS - TEST DATA SHEETS -4 

SCENARIO t :  7 TEST 1: 9- 8 
ASSEMB LY D A T ' m  TEST TECHNICIAN: L( I /pr 

TEST SUPERVISOR: < / d ' r  r : ; 7 ~  r~ 

ci ASSEMBLY DETAILS: 

e - 1  - CYLINDER NO. : 3f/L7 PISTON NO.: - -  
PRIMARY O-RING SECONDARY O-RING 
O-RING NO.: + dl O-RING NO.: * n^2 

O-RING INNER DIAMETER ( i n c h ) !  9. 5 5 1  O-RING INNER DIAH ( i n c h ) !  ' - e  - / 

O-RING X-SECTION DIAH ( i n c h )  t 0,.3907 O-RING X-SECT DIAH ( i n c h )  I '7, =a?_' 
O-RING SQUEEZE (%):  (fi.16.) j ?  3 O-RING SOUEEZE: ( A 4 6 . )  1 2  2- 

ADJUSTED X-SECT ( i n c h )  : 0, d 954 ADJUSTED X-SECT ( i n c h )  : C , 2 7 d  I 

O-RING CONDITIONING 
CONDITIONING TEHP. I 114 ' 'F 
CONDITIONING START TIME1 - -  CONDITIONING STOP TIHE: 7 4 t ~  ~ 21 * ;! 

-?7/84 
FIXTURE CONDITIONING FOR TEST 
START DATE 61 TIME OF TEST CONDITIONING: 
CONDITIONING TEHP. : 75. O F  

DATE 6I TIME OF TEST: 3/%/%'9,  //'30 A ~ A  
FIXTURE TEHEPERATURE AT END OF TEST: 76, O F  

s/ a)??, 9 ' :  0 AI4 
/ 

CALCULATE V 4  F I N A L  VOLUME (Vrl 

3 Known i n i t i a l  volume i n  system c a l c u l a t e d  from Boyle's Law ( V i ) :  2 3 A c - d  
Patm - 1 2 . 7  psia 
TI = 76, O F  T2 = 76, 2 O F  (at 60 deco~dc, '!  
F i n a l  Volume i n  V4 (Vt )  = (Pat,,, * V i  * T2)/(Pf * TI) 

i n  

Pf (at end of 1 min. from g a g e )  + 1 2 . 7  = 13.58 psia 

3 V f  = 2.1947 i n  

AV = O*lsaj in3 
vf  AV - V i  - 

ATTACH ALL COHPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS 
COMMENTS ON DISSASSEMBLED CONDITION: 
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DOC NO. 

V PRESSURIZATION TESTS - TEST DATA SHEETS -4 

VOL 

SCENARIO 1: 9 TEST t t  9-c 
ASSEMBLY DATE: 3 / 6 / 8 7  TEST TECHNICIAN: f l .  GarOlneY 

TEST SUPERVISOR: f or/ ,  ' 30 
cj ASSEMBLY DETAILS: 

CYLINDER NO. : 63/ /b PISTON NO.: 6 3 / b 3  
PRIHARY O-RING SECONDARY O-RING 
O-RING NO. : zr dl O-RING NO. : * p'2 

O-RING INNER DIAHETER (inch): 9.3s/ O-RING INNER DIAH (inch)! ?, ' b 7  

O-RING X-SECTION DIAH (inch): G,2907 O-RING X-SECT DIAH (inch)! C,2??3 

ADJUSTED X-SECT (inch): 0,7854 ADJUSTED X-SECT (inch): 0 ,  ZT4 I 

O-RING SQUEEZE ( X ) :  ( A d d : )  17, 3 O-RING SOUEEZE: ( 9 Y 6 . )  19,a 

O-RING CONDITIONING 
CONDITIONING TEHP. I I/'#, ' O F  

CONDITIONING START TIME1 / p w  CONDITIONING STOP TIME: 7 A d ,  3; ' ' ? 
3/ 7/ 89 

FIXTURE CONDITIONING FOR TEST 
START DATE TIHE OF TEST CONDITIONING: 3/ 8) 89 , 7 ' 3 0  AM 

CONDITIONING TEHP. : 
DATE 6 TIME OF TEST: 3/8/f9, 8 ' 3 0 A N  
FIXTURE TEHEPERATURE AT END OF TEST: 

75. ' O F  

7sSs O F  

CALCULATE V4 FINAL VOLUME ( V r l  

3 Known initial volume i n  system calculated from Boyle's L a w  (Vi): S .  3 4 6 B  
Pf ( a t  end of 1 min. from gage) + 12.7 = 1514% psia 

'a tm 
Ti = 75,4 O F  TZ = 75.5 O F  (Q- t  60 SPconc'C,) 

Final Volume in V 4  (V,) m (Pat,,, * V i  * T2)/(Pf * T1) 

in 
= 12.7 psia 

3 /.932S in v f  'I 

v f  AV .) v i  - 
AV I 0,414Q in3  

ATTACH ALL COHPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS 
COHHENTS ON DISSASSEMBLED CONDITION: 
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SPACE OPERATIONS 

vOL 

V PRESSURIZATION TESTS - TEST DATA SHEETS -4 

/ SCENARIO U! L 
ASSEHBLY DATE: 319 / 99 

ASSEHBLY DETAILS : 

CYLINDER NO. : c'3// b 

TEST 1 1  ID 
TEST TECHNICIAN : 01, 4 a r d n P c  

PISTON NO.: 
PRIMARY O-RING SECONDARY O-RING 

O-RING NO. ! a5 O-RING NO.1 * 
O-RING INNER DIAMETER (inch)r 9. 38s O-RING INNER DEAH (inch) f q.  5 7 9  
O-RING X-SECTION DIAH (inch) 0.2 90 / O-RING X-SECT DIAH (inch) t (3, .Z?O& 

O-RING SOUEEZE ( X ) :  (A\JL.) /7,4 O-RING SOUEEZE! ( A d 6 ~  1 13.7 
ADJUSTED X-SECT (inch): C, 3 8-51, ADJUSTED X-SECT ( inch) : 0.2% G 

O-RING CONDITIONING 
CONDITIONING TEHP. f 112. "F 
CONDITIONING START TIHEt CONDITIONING STOP TIHE: 7 AM ! -?//g/Fj 

FIXTURE CONDITIONING FOR TEST 
START DATE b TIHE OF TEST CONDITIONING: 3 I / O / d C ? ,  8 : 3 0 m  
CONDITIONING TEHP. : 7b, OF 
DATE b TIHE OF TEST: 3 / / 0 / 8 ? ,  / 0 . ' 4 5 M  
FIXTURE TEHEPERATURE AT END OF TEST: 7 b , 3  "F 

CALCULATE V 4  FINAL VOLUME ( V f l  

3 
Known initial volume in system calculated from Boyle's Law (Vi): G . 3 4 6 6  

'atm 

Final Volume in V,, ( V f )  = (Pat,,, * Vi * T2)/(Pf * T1) 

in 

= 1 2 . 7  ps ia  Pf (at end of 1 min. from gage) + 12.7 = /s 36 psia 

TI P 7L.3 OF T2 = ? L a 3  O F  (k 60 &cG,~=)  

3 V f  = / . 9 4 0  f in 

AV I o.+obC in3 
AV = V i  - V f  

ATTACH ALL COHPUTER PRINTOUTS AND PRESSURE AND DISPLACEHENT TRACES FOR ABOVE TESTS 
COHHENTS ON DISSASSEHBLED CONDITION: 
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A-88 PAGE 

V PRESSURIZATION TESTS - TEST DATA SHEETS -4 

SCENARIO a t  z TEST t t  IO- A 
ASSEMBLY DATE: 3,J 3 / a 9  TEST TECHNICIAN I f l 1  I 6~ r d  ,Y f 

TEST SUPERVISOR: 7 ,be c r  3 6 , -  
G 

ASSEMBLY DETAILS : 

CYLINDER NO. ! 
PRIMARY O-RING 
O-RING NO.! *25 
O-RING INNER DIAMETER (inch) ! 9 ,  385 
O-RING X-SECTION DIAH (inch) t 0. f 4 U /  

O-RING SQUEEZE ( X ) :  (Ad&.) /7# 4 
ADJUSTED X-SECT (inch): 0,2SSb 

PISTON NO.: 6 3 / L 3  

SECONDARY O-RING 
O-RING NO. I ?> 

O-RING INNER DIAM (inch): 
O-RING X-SECT DIAH (inch)# D,2?2 c 
O-RING SQUEEZE: (&46, .) / 9 l7 

Y -  

7, ?7? 

ADJUSTED X-SECT (inch) : LJ, d " 6  

O-RING CONDITIONING 
CONDITIONING TEHP.1 //L, 'F 
CONDITIONING START TIHEt 1 ;  3 0  pd CONDITIONING STOP TIHE: 7 Aut 3, - ;? 

yv 87  
i 

FIXTURE CONDITIONING FOR TEST 
START DATE h TIME OF TEST CONDITIONING: 3/io/?' l  ;!'_'o 4- 

CONDITIONING TEMP. ! 7 b .  * 'F 
/ 

DATE h TIME OF TEST: 3//0/?1 . 10 ; s  
FIXTURE TEMEPERATURE AT END OF TEST: 7b -$ 'F 

CALCULATE V4 F I N A L  VOLUME ( V f l  

3 
Known initial volume i n  system calculated from Boyle's Lav (Vi): 
Patm = 12.7 ps ia  

- 7 2  T1 = 

Final Volume in V 4  (Vf) I (Pat,,, * V i  * T2)/(Pf * T1) 

2,.36&fr. in 
Pf (at end of 1 min. from gage) + 12.7 = /3,63 p s i a  

'F T2 .I 7&#4 O F  ( Q t  60 5eccnd5)  

3 V f  = d, 187'5 in 

AV I 0 .  1573 in3 
AV m Vi - vf  

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS 
COHHENTS ON DISSASSEHBLED CONDITION: 

REVISION - 
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CORPORA TION 
SPACE OPERATIONS 

REVISION - DOC NO 

V PRESSURIZATION TESTS - TEST DATA SHEETS -4 

VOL 

/ SCENARIO t !  L 
ASSEHBLY DATE: 3/ ? / B y  

ASSEHBLY DETAILS: 

CYLINDER NO.: 6 3 h  (P PISTON NO.: VI53 
PRIMARY O-RING SECONDARY O-RING 
O-RING NO.: +2s O-RING NO.; *& b 

O-RING INNER DIAHETER (inch)! 9,385 O-RING INNER DIAH (inch): i,:?? 
O-RING X-SECTION DIAH ( inch) t 0 2 q O /  

O-RING SQUEEZE ( X ) :  (fi\(b*) 17, O-RING SQUEEZE: ( A 4 6 . )  /q ,y  
O-RING X-SECT DIAH ( inch) I r, ,2 .?c(', 

ADJUSTED X-SECT (inch): 0,28 SC, ADJUSTED X-SECT (inch) : s ,$F5(& 

O-RING CONDITIONING 
CONDITIONING TEHP. r OF 
CONDITIONING START TIHEr 21'0 f l  CONDITIONING STOP TIHE: 7 Akl ;?/)L,,?: * 
FIXTURE CONDITIONING FOR TEST 
START DATE 6 TIHE OF TEST CONDITIONING: 
CONDITIONING TEHP. : 71.. 0 "F 

3//o/g? P: 39 A H  
/ 

DATE b TIHE OF TEST: 3/ lVlH , 

FIXTURE TEHEPERATURE AT END OF TEST: ~ 6 ~ 3  O F  

CALCULATE V4 F I N A L  VOLUHE ( V r l  

Known initial volume in system calculated from Boyle's Law (Vi): 2.3462 
Patm = 12.7 p s i a  
T~ a 7b.3 O F  T2 = 76.' OF (02 60 S r c o r c i S )  

Final Volume in V,, (Vf) = (Pat,,, * V i  * T2)/(Pf * T1) 

3 in 
P f  (at end of 1 min. from gage) + 12.7 = l J I d 3  psia 

3 867 in v f  = 2 
dV v i  - vf 
AV = 0 ,1601 in3 

ATTACH ALL COHPUTER PRINTOUTS AND PRESSURE AND DISPLACEHENT TRACES FOR ABOVE TESTS 
COHHENTS ON DISSASSEHBLED CONDITION: 
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CORPORA TION 
SPA C€ OPERA TIOI1/S 

DOCNO. 

-4 V PRESSURIZATION TESTS - TEST DATA SIIEETS 

VOL 

/ SCENARIO U t  L TEST 1 :  I C -  c 
ASSEHBLY DATE: 9 89 TEST TECHNICIAN: f l  , L 7 f  t i /  + r  

/ TEST SUPERVISOR: / I ,I:,,/ 5.7 ,  

ASSEMBLY DETAILS: 

6; 1 CYLINDER NO. : Lz/ /b  PISTON NO.: / /(c 

PRIMAR Y 0 -RING SECONDARY O-RING 
T -  O-RING NO.: + c-5 O-RING NO. : - I P  

O-RING INNER DIAMETER ( i n c h ) !  '/, 3 g s  O-RING INNER DIAN ( i n c h ) :  '1 379 
O-RING X-SECTION DIAM ( i n c h ) :  
O-RING SOUEEZE ( X ) :  (4.16.) /7 ,4  O-RING SQUEEZE: (A%.) ( 7  / 

ADJUSTED X-SECT ( i n c h )  : 00c^7<I, ADJUSTED X-SECT ( i n c h ) :  O,,:.ysd 

0,Z 40 / O-RING X-SECT DIAM ( i n c h )  I 0,290 lp 
. +  

O-RING CONDITIONING 
CONDITIONING TEMP.! //2. OF 
CONDITIONING START TIME! 20 70 IYI CONDITIONING STOP TIME: 7 4 4 ,  3//0 g? 

*IF7 
FIXTURE CONDITIONING FOR TEST 
START DATE h TIME OF TEST CONDITIONING: . l /O/s '  til30 //'4 

CONDITIONING TEMP. : 7 G . O  OF 
DATE h TIME OF TEST: 3 / / 0 / g ? ,  
FIXTURE TEMEPERATURE AT END OF TEST: iL,3 OF 

.7 

CALCULATE V 4  FINAL VOLUME (Vr) 

3 Knovn i n i t i a l  volume i n  system calculated from Boyle's Law (Vi): &3&f i n  

P a t m  = 1 2 . 7  psia /5.$ p s i a  

T1 = 7b ,3  O F  T2 = 7b.  OF bo 5 2 ~ o d S )  

F i n a l  Volume i n  V,, (Vf) = (Patm * V i  * T2)/(Pf * TI) 

Pf (at end of 1 min. from g a g e )  + 12.7 = 

v f  = 1.8923 i n 3  

ov = 0,4545 in3 
AV = Vi - Vf 

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR A B O V E  TESTS 

COHHENTS ON DISSASSEHBLED CONDITION: 

REVISION - 



l -  

DOC NO. 

CORPORA TION 
SPACE OPERATIONS 

VOL 

h 

0 
v) 
p. 

w 
K 
3 
m 
v) 
W 

0 

W 

a 

SEC 

Tart Prarruro, Radlal and A x l d  Dlrplacomont VI, Tlma 
(1 Second Plot) 

G G5 

AXIAL DISPLACEMENT I 
5 04 

0 03 

0 02 

0 30 
0 0  0 1  0 2  0 3  0 4  0: 06 07 0 8  0 9  1 0  

TIME (SECONDS) 

PAGE A-95 

n 

v) 
L 

w 
0: 
2 
VI 
v) 
W 
K a. 

0 
U 

V-4 Cavlty Pressure Vs. Tlme 
(1 Second Plot) 

REVISION - 

TIME (SECONDS) 



CORPORA TION 
SP4 CE OPERATIONS 

600 - 
400 - 

h 

0 
m 
0 
W 

0.02 

__......_.... .... . ... ......... - ..... ....... ..-. . . .~  . . .- ,... .. _. .. __... .. . . . ....._.._ ..._.... - . ... ... . ....___ 

SCENARIO #1, TEST #1OC (Test Date 3/10/89) 

- TEST PRESSURE 

MIAL OISPUCEYENT 

0.01 

V-4 Cavlty Pressure VI. Tlme 
(120 Second Plot) 

m m 

0 

W 1 a 

1 -  - 1  

m u 

DOC NO. 

& 

0 z 
Y 

VOL 

t - 
U x 

REVISION - 



A-97 

CORPORA nom 
SPACE o p ~ f i ~  rmts 

-4 V PRESSURIZATION TESTS - TEST DATA SHEETS 

SCENARIO t :  z TEST 
ASSEHBLY DATE: 3,// 3, /$9 TEST 

TEST 
ASSEHBLY DETAILS : 

CYLINDER NO.: L'//b 

PRIMARY O-RING 
O-RING NO.: 27 

O-RING INNER DIAHETER (Inch) c 4.34/ 
O-RING X-SECTION DIAH (inch) I O,2g92- 
O-RING SQUEEZE (%):  (RiG,.) /'7,/ 
ADJUSTED X-SECT (inch) : u p  2846 

6 s/d"= PXSTON NO.: 
SECONDARY O-RING 
O-RING NO. I "a3 
O-RING INNER DIAH (inch) I 9,374- 
O-RING X-SECT DIAH (inch)l 0, 2917 
O-RING SQUEEZE: ( A & . )  / 9  ? 
ADJUSTED X-SECT ( inch) : 0,286 6 

O-RING CONDITIONING 
CONDITIONING TEMP.! //Ja3 OF 

CONDITIONING START TIME1 3:" da/fl CONDITIONING STOP TIHE: 7 A M ,  3//4/8? 

FIXTURE CONDITIONING FOR TEST 
START DATE b TIHE OF TEST CONDITIONING: 3/ /4 ips 8' 3 0 A M  
CONDITIONING TEMP. : 76.0 O F  

DATE 6 TIHE OF TEST: 3 /  14lg7. 11: 40 AN 

FIXTURE TEHEPERATURE AT END OF TEST: 7 5 , 9  OF 

CALCULATE V, FINAL VOLUME ( V r l  

Knovn initial volume in system calculated from Boyle's Lav (Vi): A3468 i n 3  

1 2 . 7  psis P f  ( a t  end of 1 min. from gage) + 12.7 = /5./6 p s i a  
= 
75.9 O F  T2 = 75.9 O F  (Qt 66 9 ~ 0 4 5 )  

*1 = 
Final Volume in V4 (Vf) = (Pat" * Vi * T2)/(Pf 3 * TI) 

V I  = / 1 9 6 6 0  i n  

AV = 0,3$0? in3 
AV I V i  - "f 

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS 
COHHENTS ON DISSASSEMBLED CONDITION: 



CORPORA TION 
SPACE OPERATIONS 

DOC NO. 
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REVISION - 



CORPORA NON 
SPACE OPERA~~OIVS 
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SCENARIO #l, TEST #11 (Test Date 3/14/89) 

DOC NO. 

Test Pressure, Redlal and Axlal Dlsplacement Va. Tlme 
(120 Second Plot) 

VOL 
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h 9t-l 

PAGE 

REVISION 



SEC 

CORPORATION 

A-100 PAGE 

V PRESSURIZATION TESTS - TEST DATA SHEETS -4 

SCENARIO t! 3 TEST 1: /I- A 
TEST TECHNICIAN: / ' I .  tk ? r ,  

TEST SUPERVISOR: I , k Z / , r ' < f i t  
/ 

ASSEHBLY DATE: 3/ l 3 /  7 9 

I 

ASSEMBLY DETAILS : 

L 

J ;3 CYLINDER NO.: ?//b PISTON NO.: 

PRIHARY O-RING 
O-RING NO.: 

SECONDARY O-RING 
O-RING NO.: j +  -.rl 

e /  

O-RING INNER DIAHETER (inch): '?. 37/ O-RING INNER DIAH (inch): I, 
O-RING X-SECTION DIAH (inch); o,c"Fj2 
O-RING SQUEEZE ( X ) :  (A.(G-) / 7 .  / O-RING SQUEEZE: ( A d & . )  19 ,  7 
ADJUSTED X-SECT ( Inch) : 00 2 748 ADJUSTED X-SECT (inch): C I 2 g b 6  

O-RING X-SECT DIAH (fnch)t c a917 

O-RING CONDITIONING 
CONDITIONING TEMP. : / / a  O F  

CONDITIONING START TIME; 3 - n  ?&I CONDITIONING STOP TIHE: 7 3; c g 9  
3/G/ g 7 

FIXTURE CONDITIONING FOR TEST 
START DATE 6 TIME OF TEST CONDITIONING: 3 / / 4 / 5 2  ~ i': 30 Ardt 

CONDITIONING TEMP. : 711, ' OF 
DATE & TIME OF TEST: 5 / / 4 / d 7  , /c 40 AM 

FIXTURE TEHEPERATURE AT END OF TEST: 75. O F  

CALCULATE V, FINAL VOLUME ( v f )  

Known initial volume in system calculated from Boyle's Law (Vi): &? 3468 in3 
Patm = 12.7 p s i a  

Final Volume in Vq (V , )  = (Pat,,, * Vi * T2)/(Pf * TI> 

P f  ( a t  end of 1 min. from gage) + 12.7 = 1 3 . 5 ~  psia 
TI I 7 5 , 3  O F  T2 = 751 4 O F ,  'd bo Seconds) 

3 in v f  = a.a54 
AV = Vi - Vf 
AV = 0 .  \ f a?  in3 

ATTACIi ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS 
COMMENTS ON DISSASSEHBLED CONDITION: 

REVISION 



CORPORA TION 
SPACE OPERATIONS 

SCENARIO #l, TEST #11A (Test Date 3/14/89) 

Te8t Pr088ur0, Radlal and Axial Displacement V8. Tlme 
(1 Second Plot) 
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I I 

SEC 

CORPORA Tf ON 
SPLICE O P E R ~  now 

A- 103 PAGE 

y4 PRESSURIZATION TESTS - TEST DATA SIIEETS 

SCENARIO # :  5 
^ '  

ASSEMBLY DATE: a'/ 5, / T 7 
TEST 11 II - kA 
TEST TECHNICIAN: f-' 4 s ;  i- - t 
TEST SUPERVISOR: 7 .  , -r ~ 1 

ASSEMBLY DETAILS: 

CYLINDER NO.: W , b  PISTON NO.: G -  6-3 

SECONDARY O-RING PRIMARY O-RING 
O-RING NO.! '26 27 O-RING NO. I 

+I 

O-RING INNER DIAMETER ( i n c h ) :  '3 ??I O-RING INNER DIAH ( i n c h ) :  9 376 
O-RING X-SECTION DIAM ( i n c h ) :  0 , 2 % 9 2  O-RING X-SECT DIAH ( i n c h ) !  0 .291  7 
O-RING SQUEEZE ( X ) :  ( A 4 4 . )  1 7 ,  / O-RING SQUEEZE: (. ) 17. 9 
ADJUSTED X-SECT ( i n c h )  : C,z$4f  ADJUSTED X-SECT ( i n c h ) :  I ,286L 

O-RING CONDITIONING 
CONDITIONING TEMP.: / / z ,  OF 
CONDITIONING START TIME! 3 .p" CONDITIONING STOP TIME: 7 , 4 ~  3 /" f9  

31 J 3) 74 
FIXTURE CONDITIONING FOR TEST 
START DATE 6 TIME OF TEST CONDITIONING: 
CONDITIONING TEMP. : 7L .  ' O F  

3 / / 4 /  77 ,  8,' 3C A u  

DATE 6 TIME OF TEST: J / / q / f ? ,  I /  : ISAq 
O F  FIXTURE TEMEPERATURE AT END OF TEST: 

CALCULATE V, FINAL VOLUME (Vr) 

3 
Known i n i t i a l  volume i n  system c a l c u l a t e d  from B o y l e ' s  Law (Vi): 2,3469 
P a t m  I 12.7 psia  13. a psia  

F i n a l  Volume i n  V4 (Vf) I (Pat,,,  * Vi * T2)/(Pr * T1) 

i n  

P f  (a t  end of 1 min. from gage) + 12.7 = 

s 7 5 . 4  OF ( Q ?  60 3 e C e q d S )  

3 

a 
T1 = '75, - O F  T2 

vf I 2. 1 3 %  i n  

AV = 0 ,  / L  3.3 i n 3  
AV I V i  - Vf 

ATTACH ALL COHPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS 
COMMENTS ON DISSASSEMBLED CONDITION: 

REVISION - 
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SCENARIO #1, TEST U11AA (Test Date 3/14/89) 
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CORPORA Tf ON 
SPACE OPFRAT{ONS 

V PRESSURIZATION TESTS - TEST DATA SHEETS -6 

SCENARIO 1 :  35 TEST t i  I 1  -3 
ASSEMBLY DATE: 3/ !.?I ti? TEST TECHNICIAN: U I r :j r ~ d  r - ,' TEST SUPERVISOR: \ , P r  r 1 ' < I ,  , 

c 
ASSEMBLY DETAILS : 

v 4  7 
,/ - CYLINDER NO. : 6 3/16 PISTON NO.: 

PRIMARY O-RING SECONDARY O-RING 
e -  r) O-RING NO.: 9 7  O-RING N0.r - n  

O-RING INNER DIAMETER (1nch)r r'. 371 O-RING INNER DIAH (inch)r i .  ?-,f 
O-RING X-SECTION DIAM (1nch)r 6.2?72 O-RING X-SECT DIAM (inch): : . Z  i / 7  
O-RING SQUEEZE ( % I :  (A./G.) 71 O-RING SQUEEZE: ( A 4 6  .) 13. ? 
ADJUSTED X-SECT (inch): 0,2?4? ADJUSTED X-SECT (inch) : 0 I G 7& 

O-RING CONDITIONING 
CONDITIONING TEMP. / la ,  3 O F  

CONDITIONING START TIHEr I ' 3J CONDITIONING STOP TIME: ? / / A /  2' 7 ',' .*$? 
FIXTURE CONDITIONING FOR TEST 
START DATE h TIME OF TEST CONDITIONING: 
CONDITIONING TEHP. : 7/0, "F 
DATE h TIME OF TEST: 3 / / 4 / S 3  6 :30  
FIXTURE TEMEPERATURE AT END OF TEST: 

~ ) ' h / ~ q ,  7 '  76 A?*f 

75. 7 OF 

CALCULATE Vh FINAL VOLUME ( V f l  

Knovn initial volume in system calculated from Boyle's Lev (Vi): 3344g 
Patm I 12.7 psia 
TI I 7 5 , ?  OF T2 = 7 6 , O  "F(W 6 0  5eCorrdS) 

Final Volume in Vq (Vf) = (Patm * V i  * T2)/(Pf * TI) 

in3 
Pf (at end of 1 min. from gage) + 12.7 = /3,%& psia 

3 V f  = 2 '  15bb in 

AV I 0,1?0a in3 
"f AV I V i  - 

ATTACH ALL COHPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS 
COHHENTS ON DISSASSEHBLED CONDITION: 

REVISION - TWR- 19 7 9 4  
VOL DOC NO 

sec 1 PAGE A-106 





CORPORA Tf ON 
SPACE OPERATIONS 

1000-. 

800 - 

600 - 
400 - 

h 

(3 
n 
ln 
Y 

. . 

w 
L 
a 

200 - 

I 1 I I I 0 ,  
0 

SCENARIO #l, TEST # l l B  (Test Date 3/14/89) 
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I 

CORPORA TtON 
SPACE OPERATIONS 

-4 V I'RESSURIZATION TESTS - TEST DATA SIlEETS 

/ 
SCENARIO 1 :  

ASSEMBLY DATE: *,/Be 
TEST 1: , I -  c' 
TEST TECHNICIAN: j ? ! ,  
TEST SUPERVISOR: / , G f 0 < * 7  I \  

- 1 .  

I 

ASSEMBLY DETAILS: 

' 7 ' -  PISTON NO.: k-//S,? CYLINDER NO. : L 3 / / b  
PRIHARY O-RING 
O-RING NO- : 

SECONDARY O-RING 
#? 7 O-RING NO. I f + h F  - 

O-RING INNER DIAHETER (inch): 9 $37 ) O-RING INNER DIAH (inch) : 9.374 
O-RING X-SECTION DIAH (inch) I 012?92 
O-RING SOUEEZE ( X ) :  (AY6.)  17, / O-RING SQUEEZE: ( A V 6 , )  /9,9 
ADJUSTED X-SECT (inch) : 0, r?#f ADJUSTED X-SECT (inch): d 3  29b6 

O-RING X-SECT DIAM (inch) I o,*f 7 

O-RING CONDITIONING 
CONDITIONING TEMP.! 1 ~ 7 . 3  O F  

CONDITIONING START TIME; 3!&1 ?h./g? CONDITIONING STOP TIME: 7 , 9 / 4 8  

FIXTURE CONDITIONING FOR TEST 
START DATE 6 TIME OF TEST CONDITIONING: 
CONDITIONING TEMP. : 76, * O F  

3 / 1 4 }  E?, 7: 5GAfil 

DATE 6 TIME OF TEST: 3/ , 4 / w  I/.t5-o#m 
I '  

FIXTURE TEHEPERATURE AT END OF TEST: iy,b O F  

CALCULATE V1 FINAL VOLUME (Vf) 

3 Known initial volume in system calculated from Boyle's Law (Vi): 2.3448 in - 12.7 psia  Pf (at end of 1 min. from gage) + 12.7 I /520  p s i a  'atm 
TI = 75,7 OF T2 = 7507 OF ( a d  60 SroncJs)  

ATTACH ALL COHPUTER PRINTOUTS AND PRESSURE AND DISPLACEHENT TRACES FOR ABOVE TESTS 
COHHENTS ON DISSASSEHBLED CONDITION: 

REVISION - TWR- 19791 
VOL 

DOC NO 

SEC I A-109 



MORTON THIOKOL INC 
Space Division 

SCENARIO #l, TEST #11C (Test Date 3/14/89) 
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CORPORA TION 
SPACE OPERATIONS 
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CORPORA TiON 
SPACE omaa n o N s  

DOC NO. 

V -4 FRESSURIZATION TESTS - TEST DATA SllEETS 

VOL 

I2  SCENARIO # !  z TEST 1 1  
ASSEHBLY DATE1 3/20/ s9 TEST TECIINICIAN! /q, & j l J r  'et- 

TEST SUPERVISOR! 7, <F Y-T I :.A .? 

i ASSEMBLY DETAILS: 

L.?, 6 z CYLINDER NO. ! FISTON NO.! 

PRIMARY O-RING SECONDARY O-RING 3 

O-RING NO.! t72 9 O-RING N0.t 5/; 
O-RING INNER DIAMETER (i1ich)l 1. 351 O-RING INNER DIAH ( l n c l r ) !  3. 3 7 7  
O-RING X-SECTION DIAH (inch) t O-RING X-SECT DIAH ( inch) I t2 I zT7  6 
O-RING SQUEEZE ( X ) !  (Ad&.)  I(,,. O-RING SOUEEZEt ( 9 4 6 . )  I F ,  6 
ADJUSTED X-SECT ( i n c h )  : o , Z o ~ , O  ADJUSTED X-SECT (Inch): z, 2?/  7 

0.2681 

O-RING CONDITIONING 
CONDITIONING TEHP . t 110, "F 
CONDITIONING START TIHEI 9.: 3 / i O / S 9  CONDITIONING STOP TIHE: 7 A N ,  $ Z / . / ? j  

FIXTURE CONDITIONING FOR TEST 
START DATE 6 TIHE OF TEST CONDITIONING: 3/21 /87? ? 4 5  /1rA 
CONDITIONING TEHP. : 77 'F 
DATE 6 TIME OF TEST! 3 / 2 / / $ 9 .  I , ' I  / l ! l u A q  
FIXTURE TEMEPERATURE AT END OF TEST: 7 ~ 2  O F  

CALCULATE V 4  FINAL VOLUHE ( V r l  

3 Known initial volume i n  system calculated from Boyle's Lav (Vi): 2 346%' In  
Ff ( a t  elid of 1 min. from gage) + 12.7 a 

TI - 7G. 2- "F T2 = 76. L "F ( 0  L 6 0  ~ F P Q , , ,  I zJ)  
= 1 2 . 7  psia / 5 , a 7  ps ia  pa t m  

Final Volume in V 4  (Vf) = (Palm * Vi * TZ)/(PI * TI) 
3 i I1 vf = 6ti 7 m  

av v i  - "f 
AV = 0.41 $8 i n 3  

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS 
COHMENTS ON DISSASSEHBLED CONDITION: 
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CORPORA no& 
SPACE OPERANONS 
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CORPORA n o N  
SPACE OPERATIONS 

- V,, PRESSURIZATION TESTS - TEST DATA SIIEETS 

SCENARIO # :  z TEST 1 1  1.2 - /I 
ASSEMBLY DATE: j ! 2 " , /  f y  TEST TECHNICIAN: I $  4 ,  / 

TEST SUPERVISOR: 7 f g t * / ,  ; , ' , I  
I 

ASSEMBLY DETAILS: 

LyL / 7 CYLINDER NO. : PISTON NO.: 
PRIMARY O-RING SECONDARY O-RING 
O-RING NO.: ' ' 2 9  O-RING NO.; + 4 ,', 

O-RING INNER DIAHETER ( inch) 1 '?.35/ O-RING INNER DIAH ( inch) 1 q, 3-7 
O-RING X-SECTION DIAH (inch)! UjZ6?Z O-RING X-SECT DIAH (inch)! f, & Z ~ G  
O-RING SQUEEZE ( X ) :  (Ad&.) 1h.h O-RING SQUEEZE: (Ad"> 

ADJUSTED X-SECT (inch) : o , a ? 3 0  ADJUSTED X-SECT (inch): 0 ZP,? 

I C L  

O-RING CONDITIONING 
CONDITIONING TEHP.: } / O .  O F  

CONDITIONING START TIHE; Ipn, 3/2~./57 CONDITIONING STOP TIME: 7 A ! , ( ,  3/21! 89 

FIXTURE CONDITIONING FOR TEST 
START DATE L TIME OF TEST CONDITIONING: 3/z//vl 7 ' 4 5 A t n  
CONDITIONING TEHP. : 7 7 * "F 
DATE h TIME OF TEST: 3/21 , I I) 20  4rA 

FIXTURE TEMEPERATURE AT END OF TEST: 7'6. O F  

CALCULATE V4 FINAL VOLUME (Vfl 
3 Known initial volume in system calculated from Boyle's Law (Vi): 4.3468 

psia 

TI = 76 ' OF T2 = 7 b . O  "F(h (,e . s ~ c o o J ~ : ~  

Final Volume in V 4  (Vf) = (Pat,,, * Vi * T2)/(Pr * T1) 

in 

= 1 2 . 7  p s i a  Pf (at end of 1 min. from gage) + 1 2 . 7  = /3.79 

3 Vf = J . / b t 3  in 

AV = barSz in3 
AV = Vi - v f  

ATTACH ALL COHPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS 
COMMENTS ON DISSASSENBLED CONDITION: 

- 

REVISION - TWR- 19794 
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DOC NO. 

CORPORA TION 
SPACE DPERATIONS 

VOL 

SCENARIO X1, TEST X12A (Test Date 3/21/89) 

Test Pressure, Radlal and Axial Dlspiacement Vs. Time 
(1 Second Plot) 

0 025  

G G 2 G  2 
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(3015 w 
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O O l C  E 
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V-4 Cavlty Pressure Va. Time 
(1 Second Plot) 
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REVISION 



CORPORATION 
SPACE OPERATIONS 

000- 
0 . v) 
L 
W 

600 - w 
K 
3 In 
2 400- 
K 

SCENARIO #1, TEST # l2A (lest Date 3/21/89) 
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Test Pressure, Radlai and Axlal Displacement Vs. Time 
(120 Second Plot) 
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REVISION - 

-0 0 

-0 6 
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-0 4 
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0.0 I I I I I 

- 0.2 
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DOC NO. VOL 



I 

- V4 PRESSURIZATION TESTS - TESl DATA SllEETS 

SCENARIO # !  L 
ASSEMBLY DATE: .33/20/$7 

ASSEMBLY DETAILS : 

TEST 1 1  I2 - 6 
TEST TECHNICIAN: M .  4 s  f cl I, r/ 

TEST SUPERVISOR: 1- I ) / Q f  f l 7 / 7 , \  
I .  

c 

CYLINDER NO.: b3//6 PISTON NO. : L 3 / / . 3  

PRIMARY O-RING SECONDARY O-RING 
O-RING NO. ! " 2 9  O-RING NO.! -- 30 
O-RING INNER DIAMETER (inch): 7 351 O-RING INNER D I A H  ( I n c h ) :  7 338 
O-RING X-SECTION DIAM (inch): 0 ,  ~ 0 3 1  O-RING X-SECT DIAM ( l n c l l ) !  0 a876 
O-RING SOUEEZE ( X ) :  (Ad&.) Id ,  O-RING SOUEEZE: ( P d & J  i ? .  6 
ADJUSTED X-SECT (inch): 0,2810 ADJUSTED X-SECT (inch)! C, 9 

0- RING CONDITIONING 
CONDITIONING TEMP.: /IO8 'F 
CONDITIONING START TIME! I t M ;  s /zu /g9  CONDITIONING STOP TIME: 7 a  rA 3 ;a/ gP 

FIXTURE CONDITIONING FOR TEST 
START DATE 6 TIME OF TEST CONDITIONING: 3 l S l  / S  ' , 2 4SAh.r 
CONDITIONING TEMP. : 77. OF 
DATE 6 TIME OF TEST: 3 / 2 J / t 9 ,  / O ' 4 O / M  

FIXTURE TEMEPERATURE AT END OF TEST: 7d .7  O F  

/ 

CALCULATE V4 FINAL VOLUME (Vfl 
3 

Knovn initial volume in system calculated from Boyle's Lav (Vi): 2,396f 
Patm = 12.7 psia P f  (at end of 1 min. from gage) + 12.7 I p s i a  
Tl = 76.7 O F  T2 = 7bd7 O F  ( d  LC, seconds) 

Final Volume i n  Vq (Vf) = (Pat,,, * Vi * T2)/(Pf * T1> 

in 
13, 

3 Vf = JD tsq7 i n  

AV = 0 , 1 8 7 /  i n 3  

AV a Vi - Vf 

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS 
COMHENTS ON DISSASSEMBLED CONDITION: 

TWR-19794 
VOL DOC NO 

SEC 

REVISION - 
1 PAGE A-118 
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CORPORA TION 
SPACE OPERATIONS 
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SCENARIO #1, TEST #12B (Test Date 3/21/89) 

Test Pressure, Radlal and Axial Dlsplacement Vs. Time 
(1 Second Plot) 

/ - 0  009 
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V-4 Cavity Pressure Vs. Time 
(1 Second Plot) 

REVISION - TWR- 1 9 7 94 
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SCENARIO #18 TEST U12B (Test Date 3/21/89) 
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.' 

SLC 

CORPORA TION 
SPACE O P E R A ~ ~ ~ N S  

A-121 PAGE 

- V4 PRESSURIZATION TESTS - TEST DATA SllEETS 
I 

SCENARIO 1 :  > TEST 1 1  /2 -/z 
ASSEHBLY DATE1 3/zu,/7 9 TEST TECIINICIAN: /I/ , /_;.7r i / '  C Y  

TEST SUPERVISOR: 7 /$ ~f , ccm r\ 
L' ASSEIIBLY DETAILS: 

CYLINDER NO.: L3//b 

I7 
PRIHARY O-RING 
O-RING N0.t $3 
O-RING INNER DIAMETER (lrrch)! 9 .  3 5 /  
O-RING X-SECTION D I M  ( i n c h )  I G, 2?gJ 
O-RING SOUEEZE ( X )  ! (4\14.) 1 b . 6  
ADJUSTED X-SECT ( i n c h )  : O,a 230 

PISTON NO. : 
SECOtlDARY O-RING 
O-RING N O S 1  - 'J 

O-RING INNER D I A H  ( i n c h ) !  
O-RING X-SECT DIAH ( I n c h )  I- 

ADJUSTED X-SECT ( i n c h )  : Q,.28/ 4 

3 T -  

' i .  3 -  7 

O-RING SQUEEZE: ( 4 4 6 . )  / f l 6  

0 - RI NC CONDITIONING 
CONDITIONING TEMP.! O F  

CONDITIONING START TIHEI I?,,, 3 / z ~ / g 9  CONDITIONING STOP TIHE: 7 A ~ A  7 / ' 3 j g 9  

FIXTURE CONDITIONING FOR TEST 
START DATE 6 TIHE OF TEST CONDITIONING: 3/2//@7 , g ' 4 5 A m  

CONDITIONING TEMP. : 
DATE 6 TIHE OF TEST: 
FIXTURE TEHEPERATURE AT END OF TEST: 75.s  O F  

77,  ' 'F 
?/ z / / s i  7 , 

CALCULATE V 4  FINAL VOLUME ( V t l  

3 Known i n i t i a l  volume i n  system c a l c u l a t e d  from Boyle's Law (Vi): 2 .3468  i n  

/S893 p s i a  
'atm 

T1 = 

= 12.7 p s i a  

7 5 . 5  O F  T2 = 7 5 . 5  O F  (ai 60 S ~ o n d S  ! 

P f  ( a t  end of  1 min. from gage) + 12.7 = 

F i n a l  Volume i n  V,, ( V f )  - (Pat,,,  * v i  * T2)/(Pf T i )  3 V f  = 1 . w / O  i 11 

bV I v i  - V f  

AV - 01 473% i n 3  

ATTACH ALL COHPUTER PRINTOUTS AND PRESSURE AND DISPLACEHENT TRACES FOR ABOVE TESTS 
COHHENTS ON DISSASSEHBLED CONDITION: 

REVISION - 



SCENARIO #l, TEST #l2C (Test Date 3/21/89) 

DOC NO 

Test Pressure, Radlal and Axlal Displacement Vs. Time 
(1 Second Plot) 

TIME (SECONDS) 

V-4 Cavlty Pressure Vs. Tlme 
(1 Second Plot) 
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REVISION - 
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CORPORA TION 
SPACE OPERATIONS 

DOC NO 

SCENARIO X1, TEST #l2C (Test Date 3/21/89) 

VOL 

4 

0 

V-4 Cavity Preeeure Ve. Time 
(120 Second Plot) 

REVISION - 



a 
L 

DOC NO 

CORPORA n o N  
P A C E  L~PERJTJONS 

VOL 

- V,, FRESSURIZATION TESTS - TEST DATA SllEETS 

SCEFJARIO R :  z TEST U t  I 
ASSEHBLY DATE: ;/I#/$'? TEST TECIINICIAN: ,t/ 2 3 ,  , ? r"r  

TEST SUPERVISOR: 7 ,rC- I I .  J , J ,  1 
I ASSEHBLY DEIAILS: 

I .  1 CYLINDER NO.: ' / / 6  P f  STOt! NO. : - 
FRI HARY O-RING SECOtIDARY O-RING 
O - R I N G  NO. t - f  O-RING NO.! $ 3  
O-RING IfINER DIAHETER ( I n c h )  I qo 374 O-RING INNER D I M  ( i n c h )  t 7,374 
O-RING X-SECTION D I A H  (inch)r 6, O-RING X-SECT DIAH ( i i i ch ) t  0 aggL 

ADJUSTED X-SECT (inch) I o . z ? 4 f  ADJUSTED X-SECT (lnch): 0,2836 
O-RING SOUEEZE ( X I :  (~44.) 17#/ O-RING SQUEEZE: ( A ~ G . )  I ? - /  

0- RI tIG CONDITI O f I I N G  
CONDITIONING TEMP.; IILnIo O F  

CONDITIONING START TIHE: Nood CONDITIONING STOP TIME: 7A lk.1 zZ,i"s,'ap 
2/19 Jc? 

FIXTURE CONDITIONING FOR TEST 
START DATE 6 TIHE OF TEST CONDITIONING: 
CONDITIONING TEHP. : 7 6 . 0  O F  

DATE 6 TIHE OF TEST: 2 / /5 /$?9 ,  9:45 
FIXTURE TEHEPERATURE AT END OF TEST: 7 5 , 9  "F 

z//s/gT, 7 ; j O  A1.c 

CALCULATE V q  FINAL VOLUME (Vfl 

3 Knovn initial volume in system calculated from Boyle's Lav ( V , ) :  

'a tm 
TI = 75.3 O F  T2 I 75.9 OF(at 63 S&OdS) 

Final Volume in V 4  (V,) = (Pat,,, * Vi * T2)/(Pf * T1> 

3 , Z Z l c  in 
I 1 2 . 7  psia  Pf (a t  end of 1 min. from gage) + 12.7 = /6,?2 ps ia  

3 Vf - 2,4213 i I1 

AV - Vi - V f  

AV I 0. S c W 3  i113 

ATTACf1 ALL COMPUTER PRINTOUTS AND PRESSURE AND DLSPLACEHENT TRACES FOR ABOVE TESTS 
COHHENTS ON DISSASSEMBLED CONDITION: 

REVISION - 



CORPORA Tf  ON 
SPACE OPEaATfOMS 

DOC NO. 

SCENARIO #2, TEST X1 (Test Date 2/15/89) 

VOL 

Test Pressure end Radial Displacement Vs. Time 
(1 Second Plot) 

n 
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W 

V-4 Cavlty Pressure Vs. time 
(1 Second Plot) 
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REVISION - 

TIME (SECONDS) 



. '  

.- . . -, . , _ _  . . ..... . ... _. ___. .. _. . . - . _._...... ... . ...... .. ._ . . . .. 

7 7 7 .  CORPORA no& 
S?4rlsE OPFh'4TlONS 
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SCENARIO #2 ,  TEST #1 (Test Date 2/15/89) 
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Test Pressure and Radial Dlsplacement Vs. Time 
(120 Second Plot) 
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REVISION - 



Co@POffA TION 
SPACE OPERATIONS 

OOC NO. 

- Vq FRESSURIZATlON TESTS - TEST UATA SllEETS 

VOL 

P 7  SCENARIO # r  -z TEST 11 L 

ASSEMBLY DATE I z,/ t b , /  S? TEST TECHtdICIANt hf bii r ! j ,  - r 
I TEST SUPERVISOR: 1 , ( ,  3 ~ 1 ~ 1  

/ 
ASSEMBLY DETAILS! 

PISTON N O . !  L ' 1 6 3  CYLINDER NO.: 
I'RIHARY O - R I N G  SECONDARY O - R I N G  

w O-RING NO. t 2 O-RING N O .  I L o  

1 -  O-RING INNER DIAMETER ( Ir ich)  I q, 31, f O - R I N G  I N N E R  D I A H  ( inch) 1 7 :C-L' 

O-RING X-SECTION DIAH ( inc t t l r  0, 2411 O-RING X-SECT DIAH ( ~ I I C I I ) I  : f 7 3 
O-RING SOUEEZE ( X ) !  (AdG.) 17,s O-RING SOUEEZE: (A46.)  I ?  7 
ADJUSTED X-SECT ( inch) : - - r  C,  27(92 ADJUSTED X-SECT ( i n c h ) :  L, 2 a 3 7  

0-RItIG CONDITIONING 

CONDITIONING TEHP.1 112,' 'F 

CONDITIONING START TIME2 I ! %  3F.I CONDITIONING STOP TIME: 7 : co  +I, a, 21 /g9 
' 21 20/89 

FIXTURE CONDITIONING FOR TEST 

START DATE C TIHE O F  TEST CONDITIONING: 

CONDITIONING TEMP. : 76#7 O F  

2 / 2  1/97, I C :  50 /If-( 

DATE b TIME OF TEST: " - /Z t / f ?  , ll:m t+M 
/ 

FIXTURE TEHEPERATURE AT END OF TEST: '76 ' OF 

CALCULATE V 4  FINAL VOLUME ( V f l  

3 Knovn i n i t i a l  volume in system calculated from B o y l e ' s  Lav (Vi): 3,22/6 
Pat,,, = 1 2 . 7  psia 
T I  = 7&,5 O F  T2 = 76.5 O F j o t  Go Seonds) 

F i n a l  Volume i n  V 4  (Vf) .I (eatm * V i  * T 2 ) / ( P f  * T l )  

in 
Pf ( a t  end of 1 min. from gage) + 1 2 . 7  t 19 .  20 p s i a  

3 i n  V f  = 2tJ310 

bV = v i  - V f  

bV - / ,o?o&l i n 3  

ATTACB ALL COHPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS 

nrktrc L J ~ S  no+ tpSail7- COHHENTS ON DISSASSEHBLED CONDITION: le+ / 

SP bl l r v d  >&r t o  Jc5t;nr f f i e  3 e t s ,  

REVISION - 
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I 

- -  /- 
I ,  

.- 

I 
. .  

, . ,) 4 : : : ' : : : : :  

SCENARIO #2, TEST 1 2  (Test Date 2/21/89) 

SH: 

Teat Prouaure, Radial and Axld  Dlsplacement VI. Tlme 
(1 Second Plot) 
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CORPORA TION 
SP4CE OPERATIONS 

. . -0020 ~ . ._ . , , ._ 

SCENARIO #2, TEST #2 (Test Date 2/21/89) 
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V-4 Cavity Presuure VI. Time 
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1 t 1 I 

A-129 PAGE 

I I I i 
i I I 

0 20 40 60 BO TI&- 1 9 7 9 41 i c  
DOC NO I VOL 

REVISION - 



* I 

CORPORATION 
SPACE OPERANONS 

- V 4  PRESSURIZATXON TESTS - TEST DATA SllEETS 
7 SCENARIO ti 3 TEST 1 ;  J 

ASSEHBLY DATEr ;/2// $9 TEST TECHNICIAN: /d /Iqcdr 0 

TEST SUPERVISOR: 7 '$6 c f I 3 '7  ,. 

ASSEMBLY DETAILS: 

CYLINDER NO. : PISTON NO. 1 

PRIHARY O-RING SECONDARY O-RING 
f -  O-RING NO., '7 O-RING NO. I c 

O-RING INNER DIAHETER (inch); 9.35) O-RING INNER DIAH ( i n c h ) ;  7. 3 3 1  
O-RING X-SECTION DIAH (inch) I 0 , 2 9 0 0  O-RING X-SECT DIAH (inch) I 5 I 2 9 ~  6 

O-RING SOUEEZE ( X I :  (A-46.) /7- I O-RING SOUEEZE: (h-46 .) i 3 . 7  
ADJUSTED X-SECT ( inch) : 0,2847 ADJUSTED X-SECT (inch) : c .  2 5 5  7 

O-RING CONDITIONING 
CONDITIONING TEHP. I / /  0, " F  

CONDITIONING START TIHE; 3 ! 3 O p f l  CONDITIONING STOP TIHE: 7.n; n l 4  Z,!; :. 7 f 
Z l Z I 1 5 4  

FIXTURE CONDITIONING FOR TEST 
START DATE h TIME O F  TEST CONDITIONING: Z. /ZZ /89  $!45 

CONDITXONINC TEHP. : 7b, 3 O F  

DATE 6 TIHE OF TEST: s / i ? Z / ? y ,  10 dM 
FIXTURE TEHEPERATURE AT END OF TEST: 7 h 0 Z  O F  

CALCULATE V4 FINAL VOLUME ( V r l  

3 
Known initial volume i n  system calculated from Boyle's Law (Vi): 3.2216 

'atm 
T1 = 76. 2. O f  T2 
Final Volume i n  V,, ( V f )  = (Pat" * Vi * T2)/(Pf * TI) 

in 

= 12.7 psia Pf (a t  end of 1 min. from gage) + 12.7 E 

t 76.2 " F ( a +  60 - C o n & S )  

3 

/ 9 . 3 /  ps ia  

v f  = 2,11S8 i I1 

hV - vi - V f  

bv - I . l O z ?  i l l 3  

ATTACH ALL COHPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS 
COHHENTS ON DISSASSEHBLED CONDITION: 

TWR-19794 
VOL DOC NO 

SEC I PIGE A-130 
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SCENARIO #2, TEST #3 (Test Date 2/22/89) 
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CORPORA TION 
SPACE OPERATfONS 

SEC 

SCENARIO #2, TEST #3 (Test Date 2/22/89) 

PAQE 
A 1 1 7  

Test Pressure, Radial end Axial Displacement V8. Tlmo 
(120 Second Plot) 
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V PRESSURIZATION TESTS - TEST DATA SlfEETS -4 

SCENARIO It! % TEST 11  4 
ASSEHBLY DATE I 2/22 / e TEST TECIINICIANI 

TEST SUPERVISOR: 
M I &r dner 
I , )$<r I d c ~ a  
c 

0 ASSEHBLY DETAILS: 

CYLINDER NO.: ' 3 / / b  PISTON NO.: 63/63 
FRIHARY O-RING SECONDARY O-RING 
O-RING N O . 1  * 9  O-RING NO.1 10 
O-RING INNER DIAMETER ( i n c h )  I 7. 36  p O-RING INNER DIAH ( i n c h )  I 9. 37d 
O-RING X-SECTION DIAH (inch) I 0.29// O-RING X-SECT DIAH (inch) I 0,289 7 
O-RING SOUEEZE ( X ) :  (AI(&.) /7,5 O-RING SQUEEZE: (A46.) 1914 
ADJUSTED X-SECT (inch) I 0.2?G 2 ADJUSTED X-SECT ( i n c h )  : 0 ,  284 L 

O-RING CONDITIONING 
CONDITIONING TEHP. I 1'13, ' OF 
CONDITIONING START TIHE: ]:15pn CONDITIONING STOP TIHE: 7W ; 2/2'Jjg? 

z/zqF57 
FIXTURE CONDITIONING FOR TEST 
START DATE 6 TIHE OF TEST CONDITIONING: 2/23/S?, ? ' s o  ill4 

CONDITIONING TEHP. : 76.0 O F  

DATE b TIHE OF TEST: 2/23/79, A d  

FIXTURE TEHEPERATURE AT END OF TEST! 75.9 O F  

/ 

CALCULATE V 4  FINAL VOLUHE (Vfl 

Known initial volume in system calculated from Boyle's Lav (Vi): q,22/6 In" 
Fat,,, - 12.7 psia 
Final Volume in V4 (Vf) = (Palm * Vi * T2)/(Pf * TI) 

Pf (at end of 1 lain. from gage) + 12.7 = IC 87 psia 

T1 * 75.3 O F  T2 = 7 s . 7  OF(& k secords) 

3 2.4253 in vf  - 
AV = V i  - V f  
AV = 0#7?63 in3 

ATTACH ALL COHPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS 
COHHENTS ON DISSASSEHBLED CONDITION! 

REVISION - 
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SCENARIO #2, TEST %4 (Test Date 2/23/89) 

Teat Pr088ur0, Radld and Axial Dl8pl8coment V8. Tlme 
(1 Second Plot) 

0.0 0.1 0.2 0.3 0 .4  0 .6  0 .7  0.8 0.0 1 .o 
TIME (SECONDS) 

V-4 Cavity Pre88ure V8. Tim. 
(1 second Plot) 

TIME (SECONDS) . 
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SCENARIO #2,  TEST #4 (Test Date 2/23/89) 
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V FRESSURIZATION TESTS - TEST DATA SllEETS -4 

5 
/ 

SCENARIO 0: 1L TEST tr 
ASSEHBLY DATE t 2/23/97 TEST TECHNICIAN: I & r c l n e r  

TEST SUPERVISOR I 7 cpr  f , ' q ~  I 'A, 

ASSEHBLY DETAILS: 

CYLINDER NO.: b3//' PISTON NO.! 63 /62  

SECONDARY O-RING 
l I  O-RING NO.! ta d 

PRIHARY O-RING 
O-RING NO. I 

O-RING INNER DIAHETER ( i n c h ) :  9.352- O-RING INNER DIAH ( i n c h ) :  9 . 3 5 /  
O-RING X-SECTION DIAH ( i n c h ) :  O . W O 2  0-RIIIG X-SECT DIAH (illcll) I 0,290/  

O-RING SOUEEZE ( X ) :  (kd6.) 17. % O-RING SOUEEZE! (A.(b.) / 9 . 4  
ADJUSTED X-SECT ( i n c h )  : 0, 2849 ADJUSTED X-SECT ( i n c h ) :  0, 2 8 4 6  

O-RING CONDITIONING 
CONDITIONING TEHP. I 112, O F  

CONDITIONING START TIHE! Mood, 2/23/F7 CONDITIONING STOP TIHE: 7 AM,  da4/f9 

FIXTURE CONDITIONING FOR TEST 
START DATE 6 TIHE OF TEST CONDITIONING: d*/pt, 9m 

DATE & TIHE OF TEST: z/u/F?, 9.55 
CONDITIONING TEHP . : 76.7 F 

FIXTURE TEHEPERATURE AT END OF TEST! 75, OF 

CALCULATE V4 FINAL VOLUHE (Vrl 

Known initial volume i n  system calculated from Boyle's Law (Vi): 3.22/6 
Fatm I 12.7 psia  P f  ( a t  end of 1 min. from gage) + 12.7 - p s i a  

T1 = 75,7 O F  T2 = 75.8 OF  (at 60 SecodS) 

Final Volume i n  V4 (V,) = (Pat,,, * V i  * T2)/(Pf * TI) 

3 i n  
1 7 . 4  

3 V f  = 2,3545 i n  

bV = d , 8 6 7 /  i n 3  

hV I vi - V f  

ATTACH ALL COHPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS 
COHHENTS ON DISSASSEHBLED CONDITION: 

TWR- 19794 
DOC m. I MI - -- 

I MOL A-136 WC 
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SCENARIO #2, TEST #5 (Test Date 2/24/89) 

Tmt Pr088ur0, Radlal and Axlal Dl8placement Va. Tlme 
(1 Second Plot) 
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V-4 Cavlty Proamre V8. Tlme 
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SCENARIO #2, TEST #5  (Test Date 2/24/89) 

WUL OISPUCEYENT -- AXUL DISPUCEMENT 1 

NUL DISPLACEMENT 2 
200 - v, n 

V-4 Cavlty Pressure Vu. Time 
(120 Second Plot) 
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Doc m. 

V PRESSURIZATION TESTS - TEST DATA SHEETS -4 

VM 

SCENARIO tr z- TEST U t  b 
ASSEHBLY DATE: 2/37/79 TEST TEC'ANICIAN: A I .  ~ J ~ L / / I P /  

TEST SUPERVISOR: < A/@ / / / q C l ~ )  
/ ASSEHBLY DETAILS: 

lsc 

CYLINDER NO. : IC 3//6 PISTON NO.: 

A-139 CUlE 

PRIMARY O-RING 
O-RING NO.! 

SECONDARY O-RING 
l f / 3  O-RING NO. : 

O-RING INNER DIAMETER (inch): 7,3?3 O-RING INNER DIAH (inch)! 9.%/ 
O-RING X-SECTION DIAH (inch): O,Z90Z O-RING X-SECT DIAH (inch): ol  291 0 
O-RING SOUEEZE (%) : (~46.) I7,4 O-RING SOUEEZE: (A46,)  / f ~  b 
ADJUSTED X-SECT (inch): 0, ZF56 ADJUSTED X-SECT (inch) : 0.2 f5 .5  

O-RING CONDITIONING 
CONDITIONING TEHP. : 1 f O F  -- 

CONDITIONING STOP TIHE: RA.1 \wwj8? CONDITIONING START TIHE: 10:30 4 4 ,  7 
w 7 /  s9 

FIXTURE CONDITIONING FOR TEST 
START DATE 6 TIHE OF TEST CONDITIONING: d z d  I 9 A d  

CONDITIONING TEHP. : 75, ' O F  'I 
DATE 6 TIHE OF TEST: Z/Zs/ 89, lo ArA I 

FIXTURE TEHEPERATURE AT END OF TEST: 7LIU OF 

CALCULATE V4 FINAL VOLUHE ( V r l  

3 Known initial volume in system calculated from Boylc's Law (Vi): 3.21/6 
Pat,,, - 12.7 psia 
TI = 75.9  O F  

Final Volume in V,, (Vf) = (Pat,,, * V i  * TZ)/(Pf * TI) 

in 
Pf ( a t  end of 1 min. from gage) + 12 .7  - f l#43  psia 

T2 = 75, 9 O F  ( tat  60 Secard5) 

3 Vf = 2 , 1 0 5 7  in 

AV = I .  i / 5 q  in3 
AV Vi - V f  

ATTACH ALL COHPUTER PRINTOUTS AND PRESSURE AND DISPLACEHENT TRACES FOR ABOVE TESTS 
COHHQITS ON DISSASSEHBLED CONDITION: 
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ooc No. 

SCENARIO #2, TEST #6 (Test Date 2/28/89) 
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Test Prer8ure, Radial and Axial Di8placement Vs. Time 
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SCENARIO #2, TEST #6 (Test Date 2/28/89) 
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Doc NO. 

CORPORA TION 
SPACE OPERATIONS 

yoc 

V -4 PRESSURIZATION TESTS - TEST DATA SilEETS 
I 

SCENARIO 11 Tr TEST It: 7 
ASSEMBLY D A T i m  

ASSEMBLY DETAILS: 

TEST TECHNICIAN: M I  Gr?rdnoc 
TEST SUPERVISOR: K l P f l . 1  Q4 r l  

I 

CYLINDER NO.: PISTON NO.: ' 7/63 
PRIHARY O-RING SECONDARY O-RING 
.O-RING NO. : $16 O-RING NO.: ;p. 17 
0-XING INNER DXAHETER (inch) ! f, 351 O-RING INNER DIAH (inch)! 7.383 
O-RING X-SECTION DIAH (inch): 0 . 2 9 0 4  O-RING X-SECT DIAH (inch): 0.2877 
O-RING SOUEEZE ( X ) :  (~q6.) 2 O-RING SOUEEZE: (Ad6.) I?. 9 
ADJUSTED X-SECT (inch): 0, Zss/ ADJUSTED X-SECr (inch): 0.293/ 

O-RING CONDITIONING 
CONDITIONING TEMP. : 113, O F  

CONDITIONING START TIHE! / !30 T M  CONDITIONING STOP TIHE: 7 AY , z/2?'8p 
2 / 2  81 p3 

FIXTURE CONDITIONING FOR TEST 
START DATE 6 TIHE OF TEST CONDITIONING: 2/29/89 10 a 4  
CONDITIONING TEMP. : 'rs.' OF 
DATE 6 TIHE OF TEST: 
FIXTURE TEHEPERATURE AT END OF TEST: 

2 1 2  9 / 8 4 ,  
7S3 O F  

CALCULATE V 4  FINAL VOLUHE ( V f l  

Knovn initial volume in syster calculated from Boyla's Lav (Vi): 3#22/1, in3 
= 12.7 psia Pf (at end of 1 min. from gage) + 12.7 = 

T1 = 75,z O F  

Final Volume in V4 (Vt) = (Patla * Vi * T2)/(Pt T1) 

2P.c psia 
Patm 

m "F (& 60 ScradS) ?2 

vf = 
3 1 ,  9 8 8 g  in 

AV - Vi - Vf 
AV = to  Z32f in3 

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEHENT TRACES FOR ABOVE TESTS 
COflHENTS ON DISSASSEHBLED CONDITION: 
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SCENARIO #2, TEST U7 (Test Date 3/01/89) 

1 

V-4 CaVlty PIO88UrO V I .  Tim. 
(1 Second Plot) 

TIME: (SECONDS) 

TVR- 1 9 7 94 
VOL ooc No. 

Icc I MQE A - 1 4 1  
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Doc no. 
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SCENARIO #2, TEST #7 (Test Date 3/01/89) 

Toat Prerrure, Radlal and Axlal Dl6placement V8. t ime 
(120 Second Plot) 

" 7  
0 

I 

20 
I 

40 
I 

60 

TIME (SECONDS) 

I 
80 

I 

1 0 0  
I -.-- 

1 2 0  

V-4 Cavlty Pre88ure V8. Tlme 
(120 Second Plot) 

REVISION - 



L 
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CORPORA TION 
SPACE OPERA TI ONS 

Mc 

V. PRESSURIZATION TESTS - TEST DATA SHEETS 
Y 

SCENARIO 1: z TEST 1: 8 
ASSEHBLY DATE: 311 / 8 1  TEST TECHNICIAN: M,  &rd/p r' 

TEST SUPERVISOR: z q3 r i  
/ 

ASSEHBLY DETAILS: 

CYLINDER NO. : 63//6 PISTON NO.: ' ' / 6  3 
PRIMARY O-RING SECONDARY O-RING 
O-RING NO. 2 17 O-RING NO. : 9 18 
O-RING INNER DIAHETER (inch): 9.374 . O-RING INNER DIAH (inch): $, 3Z7 
O-RING X-SECTION DIAH (inch): 0,2904 O-RING X-SECT DIAH (inch) I G, 270 / 

ADJUSTED X-SECT (inch): GI Zg% ADJUSTED X-SECT (inch) : O12S4/  
O-RING SOUEEZE (Z )  : (A 46.) 17,4 O-RING SOUEEZE: (~46.) / 9 >  z 

O-RING CONDITIONING 
CONDITIONING TEHP.: l/3t3 @F 
CONDITIONING START TIHE: 2!% ~ N I  CONDITIONING STOP TIHE: 7 h q , ,  3 / z / s p  

311 199 
FIXTURE CONDITIONING FOR TEST 
START DATE. 6 TIHE OF TEST CONDITIONING: 
CONDITIONING m p .  : 76, O @F 

3 / 2 1  f y  , / /  AY 

DATE 6 TIHE OF TEST: 3 / Z / S S ,  11 , / J A M  
I 

FIXTURE TEHEPERATURE AT END OF TEST: 75.7 O F  

CALCULATE V, FINAL VOLUHE ( V f L  - 
3 Known initial volume in s y s t e m  calculated from Boylc's Law (Vi): 3.22/6 

'atm 
T1 = 
Final Volume in V4 (V,) = (Pat,,, * V i  * T2)/(Pf * TI) 

in 
I 12.7 psla P, (at end of 1 min. from gage) + 12.7 = 19, 87 psia 

75, O F  T2 = 75.6 "((at Q 5 d S )  

V f  * J,054/ in 

AV = 1. / S f i  in3 

3 

bV I vi - VI 

ATTACH ALL COHPUTER P R I N T O U T S  (.\NO PRESSURE AND DISPUCSHENT TRACZS FOR r\BO'IE TESTS 
connEms ON DISSASSEHBLED CONDITION: 
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SCENARIO C2, TEST U 8  (Test Date 3/02/89) 
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SCENARIO #2, TEST #8 (Test Date 3/02/89) 

0 

Teat Pressure, Radlal and Axlal Displacement V8. Tlme 
(120 Second Plot) 
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SPACE OPERATIONS 

VDL 

V PRESSURIZATION TESTS - TEST DATA SIIEETS -4 

SCENARIO 1 :  7 L  TEST 1 1  9 
TEST TECHNICIAN: F/1 I G ~ r J n e r  
TEST SUPERVISOR! 7, g<if , QQ ,I 

&w- ASSEHBLY DATE: 

ASSEHBLY DETAILS: / 

CYLINDER NO.: PISTON NO.: "/63 
PRIHARY O-RING SECONDARY O-RING 
O-RING NO. df 31 O-RING NO. : *a 
O-RING INNER DIAMETER ( i n c h ) :  ?,35/ O-RING INNER DIAH ( i n c h ) !  9.3G7 
O-RING X-SECTION DIAH ( i n c h )  : 0,2907 O-RING X-SECT DIAH ( i n c h )  I 0, 2893 
O-RING SOUEEZE ( X ) :  (Aq6.1 17,3 O-RING SQUEEZE: (AV6. )  l 9 . 2  
ADJUSTED X-SECT ( i n c h ) :  o8ZS54 ADJUSTED X-SECT ( i n c h )  : 0,28+/ 

O-RING CONDITIONING 
CONDITIONING TEMP. t 114, I OF 

CONDITIONING START TIHE: / p m ;  3/7/ 8 9 CONDITIONING STOP TIHE: 7 AU: 3/7/ f f 

FIXTURE CONDITIONING FOR TEST 
START DATE 6 TIHE Of TEST CONDITIONING: 3/a/9s1 8/30 AM 

CONDITIONING TEHP.: 75 O F  

DATE 6 TIHE OF TEST: 
FIXTURE TEHEPERATVRE 

CALCULATE V,. FINAL VOLUHE ( V p l  

3 Known i n i t i a l  volume i n  system c a l c u l a t e d  from Boyle's L a w  (Vi): 3,Z2/& i n  

Pat,,, = 12.7  psia 20. 2 3  psia 

F i n a l  Volume i n  V4 ( V f )  = (Patn * Vi * T2)/(Pf * TI) 

Pf (at  end of 1 min. from gage) + 12 .7  = 

= 74,* O F  T* = 74% v (at 60 &con&) 

vf - Z,OZZS i n  

AV = ' / I  199/ in3 

3 

"€ bV I vi  - 

ATTACII ALL COHPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS 

connms ON DISSASSEHBLED CONDITION: 7~ much 3 f C  ssu e 
d r ' d  Shaft. TL StChn ;rho 'SrmpCl shaf+ # I  

)nl ba-k 
I ufra +,'Vd.J Gf &I IS &G-mh/J I 
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SCENARIO #2, TEST #9 (Test Date 3/08/80) 
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V-4 Cavity Presaure Vs. Time 
(1 Second Plot) 
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SCENARIO #2, TEST #S (Test Date 3/08 /89) 
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V PRESSURIZATION TESTS - TEST DATA SIlEETS -4 

SCENARIO 1: 5 
ASSEHBLY DATE: 3\7/83 

ASSEHBLY DETAILS: 

TEST 11 l G  

TEST SUPERVISOR: I , QQ,, 
TEST TECHNICIAN: l t l ,  f7 L.7/ Jm- 

c 

I 

CYLINDER NO. : ‘“3//b PISTON NO.: 63/63 
PRIMARY O-RING SECONDARY O-RING 
O-RING NO. : j’25 O-RING NO. : ‘26 
O-RING INNER DIAMETER (inch); 9.385 O-RING INNER DIAH (inch): 9, 3 7 9  
O-RING X-SECTION DIAH (1nch)t 01290/ O-RING X-SECT DIAH   inch)^ O,Z9& 

O-RING SOUEEZE ( X I :  (All&) I 7 1 4  O-RING SQUEEZE: (Ado.) I?,? 
ADJUSTED X-SECT (inch): 0,2f56 ADJUSTED X-SECT (inch) : 0.2856 

O-RING CONDITIONING 
CONDITIONING TEHP. t 1/21 O F  

CONDITIONING START TIHE: 2! !7A CONDITIONING STOP TIYE: 7 wi , 3 / / ~ / a 9  
3/9/97 

FIXTURE CONDITIONING FOR TEST 
START DATE 6 TIME OF TEST CONDITIONING: 
CONDITIONING TEHP. : 7 6 . O  O F  

3//0/g7 6: 30 A q  

DATE 6 TIHE OF TEST: 3 / / 0 / d  , IO A Y  

FIXTURE TEHEPERATURE AT END OF TEST: 7 6 ,  O F  

CALCULATE V4 FINAL VOLUHE ( V m l  

3 Knovn initial volume in system calculated from Boylc‘s Lav (Vi): 
Pat,,, - 12.7 psia 
Final Volume in V4 ( V E )  = (Pat,,, * Vi * TZ)/(Pf * T1) 

3, 2216 in 
PE (at end of 1 rin. from gage) + 12.7 17 , 75  psia 

TZ = ?S.9 ‘F (at 6 0  5cco.dS ) Tl = 75,9  O F  

3 2,360 in vf - 
AV = vi - Vf 
AV - O.q/L& in3 

ATTACH ALL COHPUTER PRINTOUTS AND PRESSURE AND DISPWCEHENT TRACES FOR ABOVE TESTS 
COHHENTS ON DISSASSEHBLED CONDITION: 

TWR-19794 
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SCENARIO #2, TEST # l o  (Test Date 3110189) 

Test Pre88ur0, Radial and Axial Dirpiacement V8. T h e  
(1 Socond Plot) 
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V PRESSURIZATION TESTS - TEST DATA SHEETS -4 

SCENARIO a :  $ TEST br  / I  
ASSEMBLY DATE: 3/13! fg TEST TECHNICIAN: M , Gar CJ n p  f 

TEST SUPERVISOR: I , ,a a 
c 

/ 
ASSEMBLY DETAILS: 

CYLINDER NO. : q 1  b PISTON NO. : 

PRIMARY 0- RING 
O-RING NO.? 

SECONDARY O-RING 
dt 27 O-RING NO.: 

O-RING INNER DIAHETER   inch)^ 98391 O-RING INNER DIAM (inch)! 9,374 ~ 

O-RING X-SECTION DIAH (inch): 0,269.Z O-RING X-SECT DIAH (inch) I 0,291 7 
O-RING SQUEEZE ( X ) :  (Aq4.) 17, I O-RING SQUEEZE: ( A q 6 . )  / 9 ,  9 
ADJUSTED X-SECT (1nch)r 0 , 2  84  g ADJUSTED X-SECT (inch) : OAS6L 

O-RING CONDITIONING 
CONDITIONING TEMP. I / ' 2 .3  *F 
CONDITIONING START TIME1 3 p m ;  3 J , 3 / s j  CONDITIONING STOP TIME! 7Wl /I 3//4/67 

FIXTURE CONDITIONING FOR TEST 
START DATE 6 TIHE OF TEST CONDITIONING: 

'%*F, / 0 ' 2 5  k?-f 
CONDITIONING TEMP.: 
DATE 6 TIME OF TEST: 3 / g? 
FIXTURE TEHEPERATURE AT END OF TEST: 75.5 O F  

3/19 j83 , s '30 h.4 

CALCULATE V 4  FINAL VOLUtlE ( V r l  

Knovn initial volume in system calculated from Boylc's Lav (Vi): 3,11/6 in 3 
= 12 .7  psia Pf (at end of 1 nin. from gage) + 12.7 - / 9 , / 9  psia 

TI = 75,s O F  T2 = 75.5 OF(& bo 5Lco&) 

Final Volume in V4 (Vf) = (Patm * Vi T,)/(Pf * TI) 
' 3  vf  - a .13a/ in 

"f AV I Vi - 
AV I 1. 089s in3 

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEHENT TRACES FOR ABOVE TESTS 
COHHENTS ON DISSASSEHBLED CONDITION: 
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Teat Prew~uro, Radial and Axial Dlsplacemont Vs. Tfme 
(1 Second Plot) 

V-4 Cavlty Preaaure Va. Time 
(1 Second Plot) 
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V PRESSURIZATION TESrS - TEST DATA SllEETS -4 

SCENARIO #: % TEST tr IZ 
ASSEHBLY DATE: 3 / 2  o/ 9 TEST TECHNICIAN: h l ,  69rJflGfl 

/ TEST SUPERVISOR: / f ip f f ido , I  
1 

ASSEMBLY DETAILS: 

CYLINDER NO.: PISTON NO.: by63 

SECONDARY O-RING PRIHARY O-RING 
O-RING NO. : ' 2 9  O-RING NO.: tk 30 

O-RING INNER DIAHETER (inch)! 9, 35j O-RING INNER DIAH (inch): 9 3 8  
O-RING X-SECTION D I M  (inch)! 0,2669 O-RING X-SECT DIAH (inch)! 0.2%76 
O-RING SOUEEZE ( X ) :  (Ad&.) 16, L O-RING SOUEEZE: (A\(G.) / 8 , 6  
ADJUSTED X-SECT (inch) I 0,2830 ADJUSTED X-SECT (inch): Ol Z?f 9 

O-RING CONDITIONING 
CONDITIONING TEHP.; 1/01 O F  

CONDITIONING START TIHE; Ip"; 3/20/g9 CONDITIONING STOP TIHE: 7 M I ,  &I - /f9 

FIXTURE CONDITIONING FOR TEST 
START DATE 6 TIHE OF TEST CONDITIONING: 3/2'/8', 
CONDITIONING TEHP . : 7G, g OF 
DATE b TIHE OF TEST: 3/21 / g 9 ,  10 

FIXTURE TEHEPERATURE AT END OF TEST: 7b, * O F  

8 :d5 

CALCULATE V,. - FINAL VOLUME (Vrl 

Knovn initial volume in system calculated from Boylc's Law (Vi): 
Patm - 12.7 psia 

Final Volume in Vq (V,) = (Pat,,, * V i  * T2)/(Pf * TI) 

3 3.22/6 in 
Pf ( a t  end of 1 min. from gage) + 12 .7  = / b . s 9  psia 

Tl = 76," O F  TZ = 749.0 O F  (at b seeds) 

"E = 2,4662 in3 

AV = 0,7554 in3 
AV I Vi - V t  
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Appendix B 
Determining Initial V 4  Cavity Volume (Test Fixture) 

Scenarios #1 & # 2  
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REq3UL4TOR -''e 

i 

FIGURE 8 

Known Volume measured w i t h  isopropyl alcohol and 
determined as described in Section 3.5.2. 

Volume in lines + Valve No.2 = 3.0 cc. 
Volume in left half of Valve No.1 = 0.5 cc. 

Total Known Volume = 3.5 cc. 
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SCENARIO t l  

T r y  #l: 

T1 = 76.4O F, 

T2 = 76.4" F, 

P1 = 8.20 psig + 1 2 . 7  atm. = 20.90 psi (absolute) 

P2 = 6.46 psig + 1 2 . 7  atm. = 19.16 psi (abso1ut.e) 

P1*V1 = P *v 

* ( 3 . 5  + V1) p2 v1 = - 
p1 

- -  * ( 3 . 5  + V1) 

2 2  

19.16 

v1 - 20.90 

V1 = 3.209 + 0..917*V1 

V1 = 38.663 cc. = 2.359 cu.in. 

Try #2: 

T1 = 77 .0"  F ,  P1 = 8 . 2 4  psig + 1 2 . 7  atm. = 20.94 psi(abso1ute) 

T2 = 77.0" F ,  P2 = 6.49 psig + 1 2 . 7  atm. = 19.19 psi(abso1ute) 

P1*V1 = P *v 

* ( 3 . 5  + V I )  p2 v1 = - 
p1 

2 2  

19.19 

20.94 v1 = - * ( 3 . 5  + V1) 

V1 = 3.207 + 0.916*V1 

V1 = 38.179 cc. = 2.330 cu.in. 

2.359 + 2.330 

2 
AVERAGE VOLUME = = 2.345 cu.in. 

REVISION - 
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SCENARIO #2 

WOE B-3 

Try tl: 

T1 78.6' F, 

T2 = 78.6O F, 

P1 = 5.25 psig + 12.7 atm. = 17.95 psi(abso1ute) 

P2 = 4.16 psig + 12.7 atm. = 16.86 psi(abso1ute) 

P *v pl*vl = 2 2 

* (3.5 + V1) p2 v1 = - 
p1 

v1 = 
- * (3.5 + V1) 
16.86 

17.95 

V1 = 3.287 + 0.939*V1 

V1 = 53.885 cc. = 3.288 cu.in. 

Try 12: 

TI = 78.2' F, 

T2 = 78.2O F, 

P1 = 5.67 psig + 12.7 atm. = 18.37 psi(abso1ute) 

P2 = 4.50 psig + 12.7 atm. = 17.2 psi(abso1ute) 

P *v pl*vl = 2 2 

* (3.5 + V1) p2 v1 = - 
p1 . 

v1 = - * (3.5 + V1) 
17.20 

18.37 

V1 = 3.277 + 0.936*V1 

V1 = 51.203 cc. = 3.124 cu.in. 

3.288 + 3.124 
AVERAGE VOLUME = = 3.206 cu.in. 

2 

REVISION - 
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Appendix C 

Determining Final Vq Volume and PressureRise 

VOL 

NOTE : 
Appendix C contains one iteration of calcrilations for 
pressure rise predictions. These are o n l y  example 
calculations used to support the predictions listed in 
Tables 2 through 5 in the document. 
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O-RING GEOMETRIC RELATIONSHIPS 

PAQE c- 1 

0.6837~ L 
- =  0.9938 e 
D 

213 b 
- =  1.5 (c) 
D 

Solve for L ,  b, and F for 
both Primary and Secondary 
O-rings 

(using Holari Equations) 

c = Squeeze 

I ,  ! I  
I 

! I  D = Adjusted O-ring 
i Cross Sect ion , I  

O-ring Dimensions Groove Dimensions 

Primary Secondary Primary Secondary 

ID = 9.383" 9.374" ID = 9.551" 9.564" 
CS = 0.2903" 0.2908" OD = 9.979" 9.979" 
ADJ = 0.2857" 0.2857" DEPTH = 0.215" 0.208" 
cs WIDTH = 0.360" 0.351" 
SO = 17.4% 19.7% GAP = 0.0215" 0.0215" 

Primary O-ring 

L 
- =  0.9938 e 0*6837c = 1.1193 
D 

213 = 0.4675 
b 
- =  1.5 (c) 
D 

L-b 
P I -  

2 

L = 0.320 in. 

b = 0.134 in. 

P = 0.093 in. 

REVISION 

Secondarv O-ring 

L 
- =  0.9938 e 0.6837c = 1.1371 
D 

2/3 = 0.5078 
b 
- = 1.5 (c) 
D 

L-b 

2 
F = -  

L = 0.325 i n .  

b = 0.145 in. 

P = 0.090 in. 
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Primary O-ring Volume Secondary O-ring Volume 

= (X-sec Area)*(Length)K 

= [*2y3]2K * (9.383 + 0.2903)~ 

'O-ring = (X-sec Area)*(Length)R "0-r ing 

= [02T)zR * (9.374 + 0 . 2 9 0 8 ) ~  

= 2.011 cu.in. = 2.017 cu.in. 

Primary Groove Volume Secondary Groove Volume 

= (X-sec Area)*(Length)n Vgroove = (X-sec Area)*(Length)K "groove 
= (0.360)*(0.215 + 0.0215) = (0.351)*(0.208 + 0.0215) 

*(9.551 + 0.215 + 0.0215)~ *(9.564 + 0.208 + 0 . 0 2 1 5 ) ~  
= 2.618 cu.in. = 2.478 cu.in. 

Determining Va Primary 

Rectangular Area = F*(Groove Depth) 

= (0.093)*(0.215 + 0.0215) 
= 0.022 sq.in. 

A = [O-ring Area - b*(Groove Depth)] + 2 

1 ~ ( 0 . 2 9 0 3 ) ~  
-. (0.134) * (0.215 + 0.0215) 

= [  4 

A = 0.017 sq.in. 

Va = (Rectangular Area - A)*(Length of Va c.g.) 

Va = (0.022 - 0.017) * (9.551 + 0.215 + 0.0215)~ 

V = 0.154 cu.in. a 

REVISION - 
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Determining Va Secondary 

SEC 

Rectangular Area = F(Groove Depth) 
= iJ.090 * (0.208 + 0.0215) 
= 0.021 sq.in. 

PAQE 

I I  A = [O-ring Area - b(Groove Depth)] + 2 
L 

A = [ K(0*i908) - (0.1451) * (0.208 + 0.0215) + 2! 1 - 
A = 0.017 sq.in. 

Va = (Rectangular Area - A) * (Length of Va c.g.) 

Va = (0.021 - 0.017) * (9.564 + 0.208 + 0.0215)n 

Va = 0.123 cu.in. 

Determining V1 Primary 

- '1 = ['groove 'O-ring - 'a] primary 
V1 = 2.618 - 2.011 - 0 . 1 5 4  

V1 = 0.453 cu.in. 

(0 secondary) - r i ng 

Determining V1 Secondary 

- - '1 = ['groove 'O-ring 'a' secondary 
V1 = 2.478 - 2.017 - 0.123 

V1 = 0.338 cu.in. 

REVISION - 
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FINAL V4 VOLUME AND PRESSURE RISE 
WITHOUT AXIAL DISPLACEMENT 

PAOL 
REVISION - 

INITIAL FINAL 

Vf = Vi - Va; ==> V.- Calculations contained in Appendix B 

==> V = 2.345 cu.in. 

==> V = 0.154 cu.in. 

1 

i 

a 

Vf = 2.345 - 0.154 
Vf = 2.191 cu.in. 

Pi*Vi 

vf  

Pf = - 12.7 psia = ( p s i g ) ;  

==> P = 12.7 psia i 

==> V = 2.345 cu.in. 

==> V 2.191 cu.in. 

i 

f =  

- 12.7 psia 12.7 psia) * (2.345 cu.in.) 
2.191 cu.in. Pf = 

Pf = 0.893 psig 
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('a'primary 

('1 'secondary 

SCENARIO #1 

FINAL V4 VOLUME AND PRESSURE RISE 
WITH AXIAL DISPLACEMENT 

t Pressure 

Axial motion will r o l l  
the secondary O-ring 
from the "seated" to 
the "unseated" position. 

SCENARIO #1 

FINAL V4 VOLUME AND PRESSURE RISE 
WITH AXIAL DISPLACEMENT 

t Pressure 

Axial motion will r o l l  
the secondary O-ring 
from the "seated" to 
the "unseated" position. 

INITIAL FINAL 

Vf = vi - (VI - VJsec - (Va)pri: ==> (Va)pri = 0.154 cu.in. 

==> (V ) = 0.123 cu.in. a sec 

==> 

-- --> 
(V1)sec = ['groove - 'O-ring - 'a'sec 
(Vl)sec = 2.478 - 2.017 - 0.123 

= 0.338 cu.in. ==> (Vl)sec 

Vf = 2.345 - (0.338 - 0.123) - 0.154 

Vf = 1.976 cu.in. 
Pi*Vi 

vf 
Pi*Vi = P *v f f; 

Pf = - 12.7 psia = (psig); 

==> P - 12.7 psia 
==> V = 2.345 cu.in. 
==> V - 1.976 cu.in. 

f -  
i 
f -  

- 12.7 12.7 psia) * (2.345 cu.in.) 
1.976 cu.in. Pf = ( 

Pf = 2.372 psig 

REVISION - 
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FINAL V4 VOLUME AND PRESSURE RISE 

WITHOUT AXIAL DISPLACEMENT 

INITIAL 

primary 

@ Pressure 

FINAL 

Vf = Vi - ( V l ) p r i ;  ==> V - Calculations contained in Appendix B 

==> V = 3.206 cu.in. 

==> (V ) = 0.453 cu.in. 

i 

i 

1 pri 

Vf = 3.206 - 0.453 
Vf = 2.753 cu.in. 

Pi *vi 

vf  

Pf = - 12.7 psia = (psig); 

-- --> 

==> V. = 3.206 cu.in. 

==> V 2.753 cu.in. 

Pi = 12.7 psia 

1 

f =  

12.7 psia) * (3.206 cu.in.) 
2.753 cu.in. - 12,7 psis Pf = I 

Pf = 2.090 psig 

REVISION - DOC NO. TWR-19794 I ML 
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SPACE OPERATIONS 

SCENARIO #2 

FINAL V4 VOLUME AND PRESSURE RISE 
WITH AXIAL DISPLACEMENT 

'a) primary 

V1) primary 

'a) secondary 

INITIAL 

8 Pressure 

Axial motion w i l l  roll 
the secondary O-ring 
f rom the "seated" to 
the "unseated" p o s i t i o n .  

FINAL 

= 3.206 cu.in. ==> 

==> (Vl)pri = (3.453 cu.in. 

==> (Va)sec = 0.123 cu.in. 

v i  

V f  = 3.206 - (0.453 + 0.123) 

Vi = 2.630 cu.in. 
Pi*Vi 

vf  
Pf = - 12.7 psia = (psig); 

Pi*Vi = Pi*vf; ==> Pf = 12.7 psia 
==> V = 3.206 cu.in. 
==> Vi - 2.630 cu.in. f -  

- 12.7 12.7 psia) * (3.206 cu.in.) 
2.630 cu.in. 

Pf = 2.781 psig 

REVISION - 
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FINAL V4 VOLUME AND PRESSURE RISE 
(CALCULATIONS # 2 )  

SEC 

EXPLANATION: 

PAGE 

Due to limitations in the test fixture, Scenario # 2  positioning 
of the O-rings was achieved by fixture assembly. Therefore the 
exact position of the O-rings prior to experiencing pressuriza- 
tion is unknown. Because of this unknown, the pressure rise 
predictions are not even close to the actuals produced from 
testing. This is obviously shown in Table 4 comparing 
predictions to actuals. These prediction calculations are on 
pages 6 h 7 of Appendix C. 

To understand the movement of the O-rings due to axial 
displacement under Scenario #2 configuration, a second set of 
calculations were necessary. The second calculations assume the 
final position of the O-rings is identical to the final position 
of the O-rings in Scenario #1 with axial displacement. Hence, 
Calculations #2 use the initial volume determined in Appendix B 
and the final volume of Scenario #1 determined on page 5 of 
Appendix C. i.e.==> 

Vi = 3.206 cu.in. 
Vf = 1.976 cu.in. 

Calculations #2 are shown on the next page. These calculations 
were used to predict the final pressure rise f o r  Scenario #2 
with axial displacement only and are listed in Table 5. 

REVISION - 
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FINAL V4 VOLUME AND PRESSURE RISE 

WITH A X I A L  DISPLACEMENT 

(CALCULATIONS 4 2  ) 

* Initial O-ring positioning 
is unknown. Final O-ring 
positioning is assumed to 
be identical t o  final posi- 
tianing of Scenario ::I with 
axial displacement. 

FTNAL 

) = 1.976 cu.in. v f  = "f (Scenario #1 

Pi*Vi 

vf  
Pf = - 1 2 . 7  p s i a  = ( p s i g ) ;  

Pi*Vi = P *v f f; ==> P 1 2 . 7  p s i a  
==> V i  = 

3.206 c u . i n .  f =  

1 2 . 7  p s i a )  * ( 3 . 2 0 6  c u . i n . )  
1 . 9 7 6  c u . i n .  - 1 2 , 7  Pf = I 

REVISION - 

Pf = 7 . 9 0 5  p s i g  


